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PREFACE. 



This little treatise is intended for the use of Candidates for the 
Matriculation Pass Examination of the University of London. 
It is believed to contain all (and but little more than all) that is 
required for the chemical branch of that examination. 

On page ix will be found a list of the subjects in this branch, 
a knowledge of which is demanded by the University. Attached 
to each is given the number of page and paragraph where the 
subject is discussed. It will be seen that the order of the sub- 
jects required for the examination has been adhered to as strictly 
as possible. 

There is in each Chapter about sufficient material for a lesson. 
Those to whom the subject is entirely new and who have not the 
advantage of receiving oral instruction, should not attempt to 
understand everything on the first reading. They should read 
the book carefully, but rapidly, once or twice, so as to gain a 
general idea of the nature of the subject. After being laid aside 
for a time, the book should be taken up again and studied so as 
not to leave a single point in obscurity. 

The considerable changes which have recently been introduced 
into the views regarding the composition of many bodies, have 
received careful consideration. The combining weights or equi- 
valents of the elements here given are those almost universally 
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IV PREFACE. 

employed in this country. The chemical names given to the 
various compounds are those which will be found to be at 
present the most useful to the generality of students. All con- 
troversial matter has been avoided. 

On page 203 will be found a number of questions, many of 
which have been given at the Matriculation Pass Examination. 
Attached to each question is a reference to the paragraph where 
the subject is considered. The student should be able to answer 
all these questions. 

Although the book has the special aim mentioned, it is hoped 
that it may serve as a sound introduction to further studies. 

London, 
September 1868. 
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PART I. 



HEAT. 

CHAPTER I. 

General Notions. 

§ 1. Heat is that physical force which causes, or tends to cause, 
change in the temperature of bodies. 

§ 2. All known matter contains more or less heat. It receives 
heat when it becomes warmer ; it gives heat out when it becomes 
colder, in all cases unless change of physical state takes place. 
There is therefore no such thing as cold, except as the compara* 
tive absence of heat. 

§ 3. When two bodies of different temperature are in contact 
with one another, heat always passes from the warmer to the 
colder body, until the temperature of the two becomes the same. 

§ 4. A body is, in familiar language, caUed hot or warm accord- 
ing as it gives more or less heat to the hand, or other part of the 
body in contact with it. It is said to be cool or cold according 
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Bs the hand gives less or more heat to it. Thus, in fig. 1, the 

direction of the arrows may repreeeat the directioa in which the 

Pig.i. 




heat moves (to or from the hand), and the length of the arrowa 
may represent the relative quantity of heat which passes. Hence 
all bodies feel hot or warm whose t«mpeTatiire is higher than that 
of the blood ; they feel cool or cold when their temperature is lower 
than that of the blood. 

§ 5. The sense of heat ia conveyed to the brain by the same 
nerves as convey the sense of touch ; bo that moat parts of the 
surface of the body, escept the hair and nails, are sensitive to 
change of temperatvure— that is, to gain or loss of heat. If only a 
small part of the body be subjected to violent change of tempera- 
ture, the sensation produced may be the same, whether that change 
be a gain or loss of heat. 

§ 6. The action of heat on inanimate matter is recognized 
through tho eye chiefly i^o) by the way in which bodies are affected 
by it, in regard to size, shape, and physical state (change of solids, 
liquids, and gases into one another) ; (h) by the changes it causes 
in the luminosity, colour, and other. optical properties of the sub- 
stances upon which it acts ; (c) by its influence upon magnetism 
and electricity ; (d) by its effect upon the chemical constitution 
of bodies. Of these visible effects of heat we have only to eonsider 
(a) and (d) ; the latter can be discussed only after gaining some 
idea of chemical change (Part II.). 

§7. Littie is known concerning the nature of heat. It is, with 
great reason, supposed to oonsist of vibrations in some unknown 
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medium or aether, which is imagined to pervade all space and all 
matter. According to this supposition, one body is hotter than 
another when the vibrations of the aether of the first are more 
violent than those of that of the second. One body gives heat to 
another by communicating its setherial vibrations to the aether of 
the second, and so on*. It is, however, simpler, and will be 
amply sufficient for our purpose to conceive heat as something 
without appreciable weight or mass, and whose loss or gain by 
bodies produces certain sensational, physical, and chemical effects. 



CHAPTER II. 

SouECBs OP Heat. 

§ 8. Strictly speaking, all known bodies are possible sources of 
heat, because they all contain heat, and will give up part of that 
heat to bodies of a lower temperature. But certain bodies, and 
bodies under certain conditions, are so much hotter than neigh- 
bouring bodies and give heat to the latter so habitually, that they 
are looked upon as special sources of heat. 

§ 9. The Sun is the chief source whence the earth receives 
heat. It is calculated that the earth receives every year from the 
sun enough heat to melt a coating of ice enclosings the earth of a 
thickness of 34 yards. Probably also the fixed stars give a little 
heat to the earth ; but neither their heat, nor that, if any, given 
to the earth by the moon, has been determined, being too small 
for measurement. 

§ 10. The earth itself is, in all probability, very much hotter 
towards the interior than it is on the surface. That such is thfe 
case is rendered probable by the occasional breaking forth of 

♦ What is usually called " the dynamical theory of heat," supposes that 
the particles of the matter itself are in yibration. GThis hypothesis, alone^ 
appears incompetent to account for the transmission of heat through space 
void of ponderable matter, as in the case of solar heat. 

b2 



4 HEAT. 

melted rock or lava from active volcanoes. The existence of 
natural hot-springs points to the same conclusion. Further, on 
descending deep mines, the temperature is found to increase con- 
tinually with the depth ; and the water from very deep wells is 
found to be hotter than that from shallower wells. On the whole, 
the earth has not sensibly decreased or increased in temperature 
within human records. 

11. Friction, — ^When the surfaces of any two substances what- 
ever move over one another in contact, heat is invariably given 
out by both. The quantity of heat produced by friction varies 
with the labour expended in effecting motion — ^that is, with the 
amount of friction. Rough solids having greater friction than 
smooth ones, greater heat is produced by their motion upon one 
another, other things being equal. For the same reason, less 
heat is produced by the friction of liquids than by that of solids, 
and still less by the friction of gases. Examples of heat, caused 
by the friction of solids, are found in the lighting of a match, 
the warmth produced by rubbing the hands, the scorching and 
ignitien of a piece of hard dry wood when it is rubbed violently 
on a soft board, the burning of the edge of a boat by the rapid 
motion over it of a whale-rope. The heat generated by the friction 
of iron disks has been employed for heating house a, A rod of 
iron may be made hot enough to ignite wood by quick and heavy 
hammering ; this effect is chiefly due to the friction of the parts 
of the iron on one another. Ice may'be melted by rubbing two 
pieces together. 

That the friction of liquids produces heat, is seen from the fact 
that still water freezes more readily than that which is agitated. 
The temperature of the water in a bottle is sensibly raised on 
shaking it violently. The warmth of animals is partly caused by 
the friction of the blood in their arteries and veins. 

The wind gives rise to heat by its friction upon itself and upon 
the solids and liquids it meets with. The temperature of a dry 
solid may be sensibly raised by whirling it rapidly through the 
air. Aerolites become red-hot on entering and tearing through 
the atmosphere. 
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§ 12. Change of density hy pressure, — ^Whenever a fixed quantity 
of gas undergoes diminution of volume by pressure, heat is evolved. 
Thus, if C (fig. 2) be a cyKnder containing a frag- 
ment (T) of German tinder, and if a close-fitting 
piston (P) be inserted at the top and forcibly and 
rapidly pressed down towards T by means of the 
handle and rod H, the original volume of air in the 
cylinder will be compressed into the space between 
the bottom of the piston and the bottom of the 
cylinder. As the air becomes thus more and more 
compressed, it gets hotter and hotter, until at last 
it may set fire to the tinder. 

The barrel of an air-gun becomes hot as the air 
is pumped into it. 

It is probable that solids and liquids also give 
out heat when mechanically compressed. Their 
change of volume is, however, so slight, under the 
greatest attainable pressures, that the heat, if any, 
liberated is inappreciable. 

§ 13. Change of physiml state. — When a vapour is condensed 
into a liquid by pressure or other means, heat is given off. Thus 
steam, at the temperature of boiling water, if forcibly compressed, 
condenses into water, having a higher temperature. Gases, 
when they dissolve in water or other liquids, thereby themselves 
becoming liquid, give out heat. 

Liquids, when they become solid, give out heat. With some 
precautions, many salts may be dissolved in water in such quan- 
tities that, on the slightest agitation, the salt crystallizes out ; in 
doing so it becomes warm. Water itself, if kept quite still, may 
be cooled below the temperature at which it ordinarily freezes ; 
when disturbed, part of it becomes ice and, in doing so, rises in 
temperature. This source of heat will be further considered in 
§§ 96-137, under liquefaction, ebullition, evaporation. 

The following diagram shows the relation of heat to the three 
forms of matter — solid, liquid, and gaseous, — ^the direction of the 
arrows denoting the kind of change of physical state. 
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Kg. 3. 
Heat given out. 
Gas "■-♦ liquid "■-♦ Solid. 
(Example.) Steam Water Ice. 

§ 14. Chemical change, — When two different kinds of matter 
are brought into contact, they oftien interpenetrate and unite in a 
peculiarly intimate manner, giving rise to a product different from 
both. This action is called chemical union; its consideration 
forms a main portion of Part II. Chemical union is always 
attended by the liberation of heat. The solid quicklime, in 
contact with the liquid water, is converted into slaked lime, 
becoming hot. When heated together, a part of the air (a gas) 
unites with carbon (a solid), giving rise to a heavy irrespirable 
gas, and producing fire. The same part of the air may unite 
with fat, wax, wood, paper, spirits of wine, &c., giving rise to 
the same gas, together with vapour of water, and producing 
flame. The heat of fermentation, putrefaction, and decay is also 
caused by chemical change. 

Chemical change, of which burning or combustion is the most 
common instance, furnishes most of the heat produced artificially 
for the purposes of life. 

§ 15. Electrical discharge, both of frictional or high-tension and 
of voltaic or low-tension electricity, gives rise to heat. Instances 
of the former are seen in the burning or fusion of bodies by 
lightning, and the burning or volatilization of thin wire by the 
artificial spark. Instances of the latter occur when a voltaic 
circuit is completed or broken ; when it has to traverse a sub- 
stance of conducting-power insufficient to allow it to pass freely 
(a narrow wire), or when a strong current has to leap over a 
short interval (the heat of the electric light). 

§ 16. Living beings are generally of a higher temperature than 
the surrounding media. This is sometimes attributed to what is 
called Vital heat. Such heat is probably mainly due to the 
chemical changes and electrical discharges taking place in the 
tissues, and to the friction of the juices. 
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CHAPTER III. 

Expansion. 

§17. Almost all bodies, whatever be their temperature, and 
whether they be solids, liquids, or gases, expand or increase in 
volume when they increase in temperature. This is supposed to 
be due to the heat, on entering the body, separating its particles 
further from one another than they were when the body was 
cooler. 

§ 18. Expansion of gases by heat, — ^All gases, at all tempera- 
tures, expand equally for equal increases of temperature*. Thus, 
if cubic feet of all known gases, at the temperature of melting ice, 
be heated to the temperature of boiling water, they all increase 

equally in bulk, each one becoming 1 4- —-cubic foot — ^thatis, 

1*366 cubic foot. On cooling them to the original temperature, 
they all shrink equally, resuming their original volume of 1 cubio 
foot. 

Further, if they all be heated to any the same intermediate 
temperature, they will all have the same size, intermediate 
between 1 and 1*366 cubic foot. 

Again, if they all be heated to a temperature exactly halfway 
between those of melting ice and boiling water, they will all 

have exactly the same volume (1 + -q- = 1*183 cubic foot). And 

if they be made as much hotter than boiling water as boiling 
water is hotter than melting ice, they will all have the volume 
1+2 X -366=1*732 cubic foot. 

In general terms, if we suppose the range of temperature 
between melting ice and boiling water to be divided into 100 
equal parts or " degrees," the increase of volume which a given 
volume of the gas undergoes (on being heated through one of 

* This law is not of absolute truth under all circumstances, but quite 
sufficiently so for all ordinary purposes. 
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those degrees) is ^^ of its increase when heated through 100 of 

them ; and its increase on being heated through n of such degrees 

n 
is jttt: of its increase when heated through 100 of them ; that is, 

*» 

:r^ of *S66, orn X -00366. The entire volume of the heated gas 

is therefore its original volume at the lower temperature, together 
with this increase ; or if Y^ be the original volume at the lower 
temperature, and V^ be the volume at a temperature t degrees 
higher, then 

Ya=Yi+Y,x<X -00366 

=Yj(l+«X -00366), 
and 

^i""l+«x -00366' 

Example 1. — 20 cubic centimetres of air at 12 degrees are 
heated to 2Q degrees ; required the volume of the warmer air. 

Here Y^=20 cub. centims., f =26— 12=14 ; 

.'. Ya=20 cub. centims.+20 x 14 x -00366 

=21-0248 cub. centims. 

Eaumple 2. — 48 cubic centimetres of hydrogen at 51 degrees 
are cooled to 17 degrees ; required the volume of the cooler gas. 

Here Y3=48 cub. centims., <=51— 17=34; 

. y= 1§ 

•• ^ 1+34 X -00366 

=42*69 cub. centims. 

§ 19. It is to be remembered that if the quantity or weight of 
a substance remains the same, its density varies inversely as its 
volume. We know also, by Boyle and Mariotte's law, that the 
volume of a gas varies inversely as the pressure to which it is 
exposed. (See Pneumatics.) We are now, therefore, able to 
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Fig. 4. 



determine the volume of a gas at any given temperature and 
pressure, if we know its volume at any other temperature and 
pressure. Such reductions are very important in studying the 
combinations of gases by volume (Fart II.), and in gas-analysis. 

§20. The expansion of a gas by heat may be shown by 
inverting (fig. 4) a bulb, B, attached to the tube S, open at the 
bottom into a vessel. A, partly filled with a 
coloured liquid, L, in such a manner that the 
open end of S dips into the liquid L and S 
passes loosely through N, the neck of A. On 
warming B, the air in it expands, and a few 
bubbles are expelled through the open end of 
S. On allowing B to cool, the air in it shrinks 
to its original density ; but some having es- 
caped, the volume of the remainder is less 
than before. The pressure of the atmosphere 
on the surface of L forces the coloured liquid 
to rise in S to a certain height, depending 
upon the quantity of air expelled. Any source 
of heat, such as the warm hand applied to B, 
expands the air in it and forces the liquid 
down the stem S. The greater the heat 
applied to B the lower the liquid sinks in 8. 

§ 21. The expansion of gases by heat is also seen on holding 
a shrivelled apple, or a bladder partly filled with air, and closed 
at the neck, before the fire : the air within expands and distends 
the skin. 




Fig. 5. 



Fig. 6. 




N^ 




§ 22. The ascent of a fire-balloon (fig. 5) is due to the same 
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cause. A balloon, B, having a wide mouth, carries a cup, C, con- 
taining some spirits of wine. On setting fire to the spirits of 
wine the resultant gases ascend, being hot and therefore light, 
into the balloon, which therefore becomes filled with a mixture 
of gases lighter than air. The balloon rises. 

§ 23. The effect of heat in altering the volume, and thereby 
the density of a gas, is seen on a very large scale in nature, in 
the formation of the " trade-winds." Imagine (fig. 6) two equal 
quantities of heat to fall in a parallel direction on the earth from 
the sun. That which falls upon the earth towards the north 
pole strikes the surface obliquely, and is distributed over the sur- 
face 6. The same quantity falling at the equator is spread over 
the surface a. It is clear that the surface h is greater than the 
surface a, and that therefore the intensity of the heat at a is 
greater than the intensity at 6. The earth at the equator con- 
sequently heats the air in contact with it more than does the 
earth at b. The air at the equator expands more, becomes lighter, 
and rises. To supply its place, the cooler air from the polar 
regions rushes along the surface of the earth towards the equator 
while the air which has been warmed and raised at the equator, 
travels towards the polar regions. The same takes place in both 
hemispheres, so that (fig. 7) the upper and warmer parts of the 
air move from the equator towards the poles, 
while the lower and cooler move from the poles 
towards the equator. The latter are the trade- 
winds. The daily rotation of the earth and all 
upon it towards the east, makes it appear as 
though these lower winds blew from the north- 
easterly and south-easterly quarters in the 
northern and southern hemispheres respectively. 

§24. Hot air ascends a chimney. The art of ventilation 
mainly consists of allowing passages for the escape of hot air near 
the top of a room, and for the entrance of cool air near the bottom. 
The flame of a candle held to the crack of a door of a hot room, 
will be blown inwards towards the bottom of the crack, outwards 
towards the top. 
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§ 25. Rvpansion of liquids hy heat, — ^All liqiiids at all tempe- 
ratures expand by increase of temperature, with the very impor- 
tant exception of water near its freezing-point. This exceptional 
case will be considered immediately. All other liquids when they 
increase in temperature, increase also in bulk, and consequently 
become less dense. On cooling to their original temperatures, 
they abo, like gases, resume their original volumes. 

%2^. But different Kquids, having originally the same tem- 
perature, expand unequally for the same increase of temperature ; 
and the same liquid almost invariably expands to a slightly 
different amount on being heated the same amount, when its 
original temperature is different. 

Thus, if equal volumes, say, cubic feet, of oil, mercury, and water, 
all at the temperature of melting ice, be all heated to the tempe- 
rature of boiling water, the oil will expand most, the water least, 
and the mercury to an intermediate amount. 

§ 27. Again, if a cubic foot of oil be heated from any tempera- 
ture to a higher one, it expands a certain quantity ; if a cubic 
foot of the hot oil be then heated, so that its last temperature is 
as much above its second as its second temperature was above its 
first, its second increase of volume will be greater than its first. 
It may be taken as a general law' that the hotter a liquid is, the 
more the same volume of it expands for the same increase of tem- 
perature. 

§ 28. The differences between the expansions of different liquids 

Fig. 8. 
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of the same temperature^ for the same increase of temperature, 
may be shown in the following manner. Let exactly the same 
volumes, at the temperature of melting ice, of oil, mercury, and 
water be respectively placed in the three stemmed bulbs 0, M, W, 
of exactly the same capacity, so that, when they are all plunged 
into melting ice in the trough T, the liquids in aU may stand at 
the same height, M I. If, now, the ice in T be melted to water, 
and the water be further heated until it boils, the level of the oil 
in its stem will be B W 0, that of the mercury B W M, while 
that of the water will be lowest, and stand at BWW. The 
volumes contained in the several parts of the stems between M I 
and BWO, BWM, BWW respectively, are the increases of 
volume which the liquids undergo on being heated through this 
particular range of temperature. 

§29. More accurate results are obtained in the following 
manner. A little bottle (fig. 9), provided with a stopper (which is 
bored through by a fine hole, and 
which is enlarged above into a sort 
of cup), is filled up to the mark a, 
whUe surrounded by melting ice, 
with the liquid under examination. 
Then it is taken out and weighed. 
If the weight of the empty bottle 
be Wj, and its weight, when full of 
liquid, be w^, then w^^w^ is the 
weight of its liquid contents. It is 
then plunged into boiling water, 
whereupon the liquid rises into the 
cup ; it is wiped off so as to stand 
again at a, its original height. The 
bottle is withdrawn, wiped, allowed to cool, and again weighed. 
Let its weight be w^. Then Wg— w^ is the weight of the hot 
liquid; and w^—w^ is the weight of the liquid which has been 
removed; that is, the weight of the increase of the volume of the 
liquid. 

Since, finally, the weights of the same liquid are proportional 
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to their volumes, we find, putting Y^^ for the volume at the tem- 
perature of melting ice, and Y^ for the volume at the temperature 
of hoiling water, — 

increase of volume_ Y^— Y^ _^^ a^^3 . 
original volume ~" Y^ "^w^—Wj^ ' 

Example. 

The bottle empty weighs 3*2495=:w; 

„ „ fuU of cold oil weighs 12-4320 =w, 

„ „ with the amount of cold oil] h^qq^—^ 

which filled it when hot. . J ' 

Then 

the increase of volume^Wj— W3_ j4690 ^ 

the original volume w^—w^~9'1S2d ' 

'4690 
••. the increase of volume =Y. x ^.-„-- ; 

.'. the increased volume Yj, 

= original volume + increase of volume, 

\r TT . TT- '4690 
orY,=Y,+Y,^,j^; 

80 that, for instance, three cubic feet would become 

^^^s. '4690 

=3-153 cubic feet. 

§30. The following Hst shows the differences of the total 
expansion of a few liquids, when heated through a tenth of the 
range from the melting-point of ice to the boiling-point of 
water. 

100 volumes become, of water 100*02 

„ „ mercury 100*18 

„ „ oil of bitter almonds . . 100-93 

„ „ alcohol 101-05 

„ „ wood-spirit 101-15 

„ „ ether 101-52 
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§31. Water, as before mentioned, shows a remarkable and 
almoat dngnlar irregolarity in its expansion by heat. Imagine 
there to be a bulb, B, with a stem, aa before, filled up to A with 
ice-cold water. On allowing the water to get warm, the level A, 
is found at first to sink to h^, showing that the increase of tem- 
perature, instead of expanding, contracts the water, which there- 
Fig. 10. 
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fore increases in density. On a farther accwsion of teat, the 
water further shrinks to \, then to A„ and finally to \. If it be 
still farther wanned, it begins to expand, and reaches A,, h^ h^ in 
succession ; and henceforth and up to the tcmperatoie at which it 
boils, it obeys the same law as other liquids, namely, continual 
expansion for continual increase of temperature. 

Inveniely, if the water be originally hot and then he gradually 
eooled, it shrinks on oooUng, its level becoming successively 
h^, \, 7(, ; beyond this point, as it loses heat, it again expands, 
reaching the levels \, \, \, \ ; having attained which last level, 
it begins to freeze. 

The t^nperatuie at which any quantity of wat«r has its least 
volume, is called its " temperature of maximum density." It is 
very little hi^er than the temperature at which ice melte or 
water freezes. If, as before, we imagine the whole range of 
temperature between melting ice and boiling water te be divided 
into 100 equal parts or degrees, then water bae its maximum 
density when its temperature is four of those degrees above the 
melting-point of ice. We shall undrastand this after the de- 
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scription of thermometers as being +4 degrees on the Centigrade 
scale (written 4° C). 

The same fact is shown on taking a vessel of warm water into 
a very cold room. The water at the surface, in contact with the 
cold air, is first cooled, and having become reduced to -|-4° C. 
(that is, to the temperature of greatest density) it sinks to the 
bottom of the vessel. This goes on until the whole of the water 
has attained the same temperature and state of maximum density. 
The water at the surface, however, still continues to lose heat ; 
but it no longer shrinks on doing so, because all further loss of 
heat tends to make it lighter. At last a crust of ice is formed on 
the top, which gradually thickens. It is, in fact, owing to the 
maximum density of water being at a temperature higher than 
its freezing-point that ice always forms only on the surface of 
still water cooled from above. It is of great importance that 
such should be the case, and that freezing water itself at the 
moment of solidification should undergo a further increase of 
bulk, so that ice is lighter even than ice-cold water. For were 
the reverse the case, it would sink as soon as formed and accu- 
mulate during the winter at the bottoms of rivers, lakes, and seas. 
There, protected by the water above, it would resist the action of 
the sun and greatly modify the climates of temperate regions. 
Still water which has commenced to freeze, when examined as to 
its temperature, presents the following appearance (fig. 1 1). 



Fig. 11. 
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§ 32. In taking the specific gravity of solid substances by 
immersing them so as to float, or weighing them in water, and 
of liquids, by weighing equal volumes of them (see Natural 
Philosophy), regard must be had to the change of density caused 
by change of temperature, and either the temperature at which 
the experiment is made must be brought to some standard tem- 
perature, or the differences of density caused by difference of 
temperature must be known by previous experiments, and 
allowed for. 

§ 33. Since, at temperatures above that of its maximum den- 
sity, water expands by increase of temperature (that is, becomes 
lighter), it follows that a mass of hot water, when placed amongst 
cold water, will rise through the latter as long as the two remain 
unmixed, and, having reached the surface, spread itself thereon in 
a manner similar to the spreading of oil on the surface of water. 
This fact gives rise to certain currents in the sea, caused by the 
solar heat, similar to those previously described as taking place in 
the air. For reasons described in § 23, the water at the equator 
is heated more strongly than that at the poles. It expands and 
would rise up in a mountainous belt, girdling the earth at the 
equator, were it not at the same time drawn to the earth by its 
weight. The only way by which it can approach the centre of 
gravity of the earth, is by travelling towards the _,. -^ 
poles. This it accordingly does, gliding over the 
surface of the colder water, which latter supplies ^"•'"^'^os^ 
its place by passing from the polar regions in cold /^ \v 

undercurrents towards the equator, there to be ( \^\ 

warmed, raised, and so forced into continual cir- V JI i 

culation. ^ ^y 

It is to be noted that, while we are acquainted ^ 

chiefly with the lower strata of the air, the higher strata of the 
sea are most familiar to us ; so that while the chief winds we 
experience blow from the poles, the chief oceanic currents 
examined proceed from the equator ; that is, they move northerly 
in the northern, and southerly in the southern hemisphere. The 
ocean does not, like the atmosphere, cover the whole surface of 
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the globe. The motion of both the upper and under currents is 
broken by continents and islands ; their direction is changed ; and 
sometimes they are so dispersed as to be entirely lost. 

§ 34. One of the chief of these currents takes its rise in the 
Gulf of Mexico and West-Indian Archipelago. The water heated 
in this semitropical sea cannot proceed at once due north, but is 
forced by the contour of the land along the coast of North 
America. It spreads as it goes, the winds which blow over it 
are warmed, so that its influence is felt throughout the North 
Atlantic Ocean : — ^to the west, in Newfoundland and Greenland ; 
in the middle, in Iceland ; to the east, in Ireland and the west 
coast of Scotland. The climates of these countries are thereby 
rendered more mild and moist than those of countries of corre- 
sponding latitudes protected by their position from the influence 
of the Gulf-stream, such as North Canada, Siberia, &c. 

§ 35. Expansion of solids, — ^All solids expand on being heated*. 
But, like liquids, some expand more than others for the same 
increase of temperature ; and the same solid expands to different 
amounts if the temperature is different at which it receives the 
same increase of temperature. With regard to the latter fact, it 
is generally the case that if two equal masses of the same solid, 
the one hotter than the other, both receive the same increase of 
temperature, the hotter one will expand most. The volumes of 
solids are less influenced by change of temperature thsui those of 
liquids, and the volumes of liquids generally less influenced than 
those of gases. 

§ 36. Lmear eocpansion of solids, — If bars of equal lengths of 
the following solids be heated from the freezing- to the boiling- 
point of water, they increase in length as follows : — 

* A notable ezoeption to this law is furnished hy an alloy of bismuth, tin, 
and lead, which, on being heated from the temperature of melting ice, first 
expands (to 44° C), then contracts (to 69° C.)» and finally expands until it 
melts. 
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1 length of zinc .... 
lead . . 
tin . . . . 
silver . . 
copper. . 
gold . . 
iron .... 
glass . . 
platinum 
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Whence it appears that, generally, the more difficultly fusible a 
metal is, the less does it expand by heat. 

§ 37. The expansion of solids by heat is of great importance in 
many arts. A pendulum swings more slowly the longer it is. 
Hence a pendulum which beats seconds at one temperature will 
beat intervals greater than a second at a higher temperature, as 
in warmer weather. For many purposes it is sufficient to make 
the pendulum of some substance which expands but little by heat, 
such as glass, marble, or wood. But for more accurate time- 
keepers, the greater expansion of one metal is made to counter- 
balance the lesser expansion of a greater length of another. 

The ** gridiron" pendulum is constructed upon this principle 
(fig. 13). The iron pendulum-rod, a, is divided into two limbs, 
h and e ; these are bent upwards at their lower ends and soldered 
to two upright rods of zinc, d and c ; the zinc rods are joined at 
the top and soldered to another iron rod,/, which bears the bob, g. 
The expansion of the iron is that due to a rod of the length from 
a to ^. The expansion of the zinc is that due to a rod of the 
shorter length, d or c. The expansion of the iron tends to depress g, 
that of the zinc to raise it. If properly adjusted, the one ten- 
dency exactly counterbalances the other, and g remains always at 
the same distance from a. Sometimes the same effect is produced 
by making the bob of the pendulum as a box, containing a cylin- 
drical vessel of mercury (fig. 14). The mercury expands more 
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rapidly tbaa the pendulum-rod, and produces the eame effect as 
tiie zinc in the gridiron pendulom. Both pendnla are called, for 
obvions reaaone, "compensating." Chronometers differ from 
watches in having similar airangementa applied to their balan«- 
wheels. 



Pig. 13. 



Fig. 14. 



§ 38. The different rates of the expansion of Iron and dnc may 
bo shown by ilveting two equal lengths together. When such a 
oompoand bar is heated, the zinc expanding most forces the bar 
to bend (fig. 15) in such a way that the zinc forms the convex 
side of the arch. 

§ 39. The different linear expansions of different solids for the 
same increase, or those of the same solid for different increases of 
temperature, are shown in " Fergusson's Pyrometer" (fig. 16). 
A rod (A) of the solid, of known length, passes watertight through 
the end walls of a trough, T. One end, B of A, rests against the 
end of the screw S, working through a support. The other end, 
C of A, works upon the lever of the third order, D C E, of which 
the fulcrum is D ; the other end of this lever works at E upon a 
second lever, F Q, of the third order. The lower end of G, which 
is &ee to move, is before a graduated arc, H, It is dear that if 
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C advances a distance, X, E will advance a distance, XTypj and G 

Kg. 16. 
9 




DE FG 

will advance, X^-^ X jTv ("^ Mechanics). Thus,if DE=10DC, 

and F G=10 F E, then, for every advance of C, the advance of G 
will be 100 times as great. The instrument is used by screwing 
up S until G is opposite a fixed point on the scale, the rod being 
kept cold by filling the trough T with melting ice. If the ice 
be then exchanged for boiling water, the rod A expands. The 
end B cannot recede ; the end C advances, and the index end G 
moves with exaggerated motion. 

§ 40. The following are some of the more common consequences 
of the expansion of solids. 

The equality in the expansions of platinum and glass make it 
possible to fuse glass upon platinum, without danger of subse- 
quent separation on cooling. If glass be softened, a platinum 
wire may be thrust through it in such a manner as to form air- 
tight contact when cold. If an iron or copper wire be treated in 
the same way, it will shrink more rapidly than the glass, and 
crack away on cooling. 

Allowance must be made for the expansion of the iron of 
bridges and similar structures, lest by alternation of temperature it 
may injure the masonry, which is not so ajffected by temperature. 

Nails driven into bricks or mortar become loosened in cold 
weather, and gradually work themselves out. 

The official standard of length (the yard) varies with the tern- 
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perature. In order that its length may be the same, it must be 
brought to the same temperature— eay, that of melting ice. 

The force exerted by solids on expansion by heat and the equal 
force which they exercise on contraction by loss of heat, is 
enormous. But the amount of movement is so small, that this 
force can only be applied in the arts in a few cases. 

The rivets used in joining boiler-plates are used red-hot, partly 
for the sake of convenience in hammering out their heads, but 
partly because on cooling they drag the plates together by their 
contraction with immense force. 

The tire of carriage- wheel is made a little smaller than the 
wheel. On making it hot it passes over the wheel ; on cooling, it 
contracts and binds the wheel together. Metallic collars are in 
the same way ** shrunk" on to bodies. 

§ 41. Many solids, at the moment of becoming so from the 
liquid state, expand considerably, and also with great force. 
Thus ice, as it is formed, swells very considerably and with such 
force as to burst water-pipes, and even bomb-shells. 

Type-metal, a mixture of lead and antimony, also swells at the 
moment of solidification from the melted state, and, in doing so, 
forces itself into the type-mould so perfectly as to produce a sharp 
and clean casting, which is necessary for clear printing. 

§ 42. Many crystalline solids expand unequally in different 
directions, so that a change of temperature produces change of 
shape. 

§ 43. Eocpansion of solids hy volume, — li a solid rod of length 

L expands -th of its length for a given rise of temperature, 

becoming L-1 — , it follows that a cube of the Fig. 17. 

same matter, each of whose edges has the length y 

L, will expand equally in three directions. If j 

V, be the volume of the cube, each of whose j 

edges is L, then Vi=L*. If, after heating, L I 

becomes L+~, then, to find V^, the increased 
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volume, we have 

=L'+3L'^+3?^'l+^. 

If, as is always the case with solids, n is a very large number, 
or - very small, the third and fourth terms of this value may be 
neglected, and we have very nearly 

V 
or the cubic increase of size is three times the linear. 



CHAPTEE IV. 

TsEBlfOMETEBS. 

§ 44. Instruments for measuring the temperature of bodies are 
called Ihermometers (heat-measurers) or Pyrometers (fire-mea- 
surers). The latter are employed for determining very high 
temperatures, as those of furnaces, the temperatures of melting 
metals, &c. ; the former are used for the measurement of the 
lower ranges of temperature. 

§ 45. Since all bodies* expand by heat, it is clear that if we 
take a fixed quantity of any substance at any temperature, and 
accurately measure its size, we are sure that whenever it has the 

* Excepting water at a certain temperature (§ 31), and an alloy of bismuth, 
tin, and lead (§ 35, note). 
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same size it will have tlie same temperature*. When it has a 
larger size it must have a higher^ and when a smaller, a lower 
temperature. 

§ 46. Since (for the same increase of temperature) gases, as a 
rule, expand more than liquids, and liquids more than solids, it 
follows that a mass of gas of a given size will, by its change of 
size, form a more accurate and sensitive index of temperature than 
8( mass of liquid or solid of the same size. 

§ 47. Air-thermometers are used for determining sudden and 
slight changes of temperature. The arrangement of an air- 
thermometer has been described (§ 20, fig. 4). It is essential to 
the action of such a thermometer, that the surface of the liquid 
in the vessel A (see fig. 4) should be exposed to the air. The 
pressure of the atmosphere, however, is continually varying, both 
at the same place at different times and at different places at the 
same time. (See Natural Philosophy, Pneumatics.) 

Consequently, even when the temperature remains the same, 
a diminution of the atmospheric pressure will cause a descent of 
the liquid in the stem of the instrument, by relieving the air in 
B of a part of the pressure which is compressing it ; that is, such 
a diminution will produce the same effect as though the air in 
the upper bulb had undergone expansion by heat. For this 
reason such a thermometer cannot be used for comparing tempe- 
ratures at different times or places, unless the variation in the 
atmospheric pressure, as measured by the barometer, be ascer- 
tained and allowed for. 

§ 48. Leslie's " differential thermometer " consists of two glass 
bulbs, A and B (fig. 18), containing air, and connected together 
by a narrow tube, C, bent twice at right angles, containing mer- 
cury or some coloured liquid. The upright proportions of C carry 
scales. The whole being closed, the changes of barometric pres- 
sure are without influence upon the volume of air in either of 
the bulbs. But if one of the bulbs only, as A, be warmed, the 
air in it expands, forces down the liquid in the corresponding 
limb of C, and forces the liquid to rise in the opposite stem, thereby 

* In the case of gases, provided that the pressure upon it is the same. 
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compressiiLg the air in the bulb B. The inverse takes place if B 
be warmed while A is kept cool. Or if both bulbs be wanned, 

Rg. 18. 




Fig. 19. 



but one more than the other, the air most warmed will expand 
most, and the difference of temperature will be shown by the 
depression of the liquid in the stem of the bulb which is most 
warmed. If both bulbs be equally warmed, no motion of the 
liquid takes place, because equal forces of expansion act in 
opposite directions. Such a differential thermometer may be used, 
for instance, to compare the heat of the hand of a sick person, 
with that of the hand of one in health. 

§49. Air-thermometers may also be used as pyrometers in 
measuring the heat of furnaces. For this purpose (fig. 19) a 
flask of platinum, P (a difficultly fusible metal), is fastened to a 
very narrow glass tube, T, open at A. 
Both flask and tube being full of air, 
the former is placed in the furnace F, 
whose temperature is to be measured. 
The air in F expands, and the excess 
escapes by A. When the flask F has 
got as hot as the furnace can make it, 
the end A is closed by the blowpipe, and the flask is removed 
from the furnace. When cold, the end of A is broken off under 
mercury, and the quantity of mercury which thereupon enters 
the tube T and the flask F, measures the temperature to which 
the latter has been exposed. 

§ 60. The expansion of solids is also used for the measurement 
of very high temperatures— *that is, for pyrometry, " DanieU's 
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pyrometer " consists of a bar of platinum standing in a vertical 
position in a hole in a block of earthenware. The top of the 
platinum bar touches a plug of earthenware which rests upon the 
platinum and projects out of the hole. The plug is made to move 
with difficulty. The platinum, on expanding in the furnace, 
pushes up the plug of earthenware, which remains raised when 
the pyrometer is removed from the furnace. The degree to which 
the littie plug has been pushed up is exactiy measured (by apply- 
ing it to the shorter arm of a lever), and gives comparatively the 
heat of the furnace. 

§51. Liquid thermometers are those most often used for the 
measurement of all temperatures not exceedingly high. Two 
liquids are almost the only ones used in thermometers, namely, 
spirits of wine and mercury. Spirits of wine or alcohol cannot 
be frozen, and is therefore used to measure exceedingly low 
temperatures; but it easily boils, and is therefore useless for 
high ones. Mercury, on the other hand, can be frozen by severe 
cold ; but it boils only at a very high temperature. Mercury, 
moreover, has the great advantage of great cohesion to itself, and 
littie adhesion to glass ; hence its surface is always sharply de- 
fined, and the mass of mercury unbroken. It will be sufficient 
to describe the construction of the mercurial thermometer. 

§ 52. Mercurial thermometer. — A glass tube is formed having 
an exceedingly fine (capillary) bore of uniform capacity through- 
out. The shape of the bore in section is advantageously that 
of a slit ; and its uniformity is tested by seeing whether a littie 
mercury introduced into it always occupies the same length, to 
whatever part of the tube it is moved. Upon one end of such a 
tube, a cup, C^, is blown, and upon the other a bulb, B^, of less 
capacity than the cup (fig. 20, 1). More pure dry mercury is 
poured into the cup C^^ than is sufficient to fill the bulb B^. The 
mercury does not descend into B^ on account of the air in B^, and 
because of the narrowness of the tube. This stage is seen in 1. 
The bulb B^ is warmed, the air in it expands, and some of it escapes 
and bubbles through the mercury in Cj. On cooling B^ some 
mercury follows the shrinking air, and drops kito B^. Heat is 
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then applied to B^ sufficient to boil the mercury in it. The vapour 
of mercury drives before it all the air in the bulb and stem, and 



Fig, 20. 
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forces it through the mercury in C^. On withdrawing the flame 
from Bj, the vapour of mercury condenses; and the atmospheric 
pressure forces the mercury in C^ down the stem, untQ the bulb 
Bj is completly filled. This is shown in 2. The cup C^ is then 
cut off, as in 3. The bulb B3 is then again heated as high as the 
temperature to which the thermometer has subsequently to be 
exposed. The excess of mercury as it expands, drops off firom 
the end of the tube. When no more is expelled, some hot wax, 
W, is dropped upon the open end, so as to close it completely, 4. 
The mercury now on cooling shrinks ; and since no air can enter, 
the bore of the stem above the mercury is a vacuum. Finally, 
the end of the tube below the wax is softened and closed ; this 
the pressure of the air upon the sides of the empty stem assists. 

§ 53. To graduate the thermometer, it is necessary that the 
height of the mercury, at at least two fixed and constant tempe- 
ratures, should be known. For reasons which will be explained 
in §§ 85-96 under latent heat, the temperature of melting ice is 
constant, and is the same as that of the water which it forms on 
melting. Hence, if coarsely pounded ice be allowed to melt^ it 
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will remain continually of the same temperature as long as any 
ice remains unmelted. Further, for a similar reason (also de- 
scribed under latent heat, §86) boiling water has always the 
same temperature, and the same as that of the steam which is 
formed from it *. 

§ 64. The thermometer (6, fig. 20) is plimged into melting 
ice, and the point to which the mercury sinks in the stem is 
marked upon the glass. It is then plunged into boiling water, 
and the point to which the mercury rises is again marked. We 
know now that whenever the mercury stands at the lower point, 
its temperature is that of melting ice ; and whenever at the higher, 
it is that of boiling water. When it stands between the two, it 
is of intermediate temperature. The glass stem between the two 
fixed points is divided into equal parts, called degrees. In dif- 
ferent countries the number of these divisions is different. There 
are three principal systems of division. The simplest, and that 
most firiequently used for scientific purposes, is the Centigrade or 
Celffitw. On the Centigrade thermometer the temperature of 
melting ice is called zero (marked 0°C.); the temperature of 
boiling water is 100 (marked 100° C). The intervening space is 
divided into 100 equal divisions or degrees. In Biaumur's ther- 
mometer, which is in popular use in Germany and Eussia, the 
temperature of melting ice is 0°^ that of boiling water is 80 
(marked 80° K.), and there are 80 equal divisions or degrees 
between the two. On the Fahrenheit scale, the melting-point 
of ice is marked 32° F., and the boiling-point of water 212° F. ; 
there are therefore 180 degrees between them. The Fahrenheit 
thermometer is in popular use in England. 

* The influence of pressure not considered. How this affects the tempe- 
rature at which a liquid boils, will be seen under Ebullition, § 138. 
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CHAPTEK V. 

RELAnOy BETWEEN THE ThEBMOMETEIC ScALES IS COHMOK tTSE. 

§55. The relation between the Centigrade, Reaumur, and 
Fahrenheit scales is seen in fig. 21, where the three thermo- 

Fig. 21. 
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meters are supposed to be of exactly the same size. 

C. graduated according to the Centigrade scale. 

R. „ „ „ Reaumur 

F. „ „ „ Fahrenheit 

It is dear that the length of a degree on the C. scale is to the 

length on the R. scale inversely as 100 is to 80, or directly as 

4 is to 5. The length of a degree C. is to the length of a degree 

F. as 180 to 100, or as 9 to 5 ; and the length of a degree R. is 

to the length of a degree F. as 9 to 4. 

If, therefore, the mercury stands at a certain number of degrees 
C, and we wish to know what it is on the R. scale, we must take 
a less number of the larger R. degrees, and indeed a number 
bearing the inverse proportion to the number C. that the size 
of the R. degree bears to the size of the C. degree ; or 

No. of degrees R._4 
No. of degrees C. 6' 
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Example 1. — What temperature K. corresponds to 30° C. ? 

Answer, 30 x ^ = 24 ; 
which is thus written, 30° C=24° K. 

Moreover to convert temperatures E. into temperature C. we 
must multiply the number of degrees K. by f . 

Example 2. — ^What temperature C. corresponds to 14° E. ? 

Answer, 14xf=17'6, 

or 14° E.=17°-5 C. 
A flimilar transformation from the C. and E. to the E. 
scale would apply if the E. scale like the others commenced at 
zero. But a temperature of, say, 2 degrees E. above the melting- 
point of ice is not 2° E., but 2° 4- 32° E., and so on for other tem- 
peratures. Therefore, in transforming C. into E., after converting 
the number of degrees C. into the corresponding number E., by 
multiplying by f , we must add the constant 32° E, in order to get 
the actual temperature E. 

Example 3. — ^What temperature E. corresponds to 42° C. ? 
• Answer. 42 x f above 32° E., 
thatis, 42x|+32°E., 
or 42° C. =107°- 6 E. 
Similarly in converting E. into E. 

Example 4. — ^What temperature E. corresponds to 21° E. ? 

Answer. 21xf4-32, 

or21°E.=79°-2E. 
To convert E. temperatures into C. temperatures, it is (for a 
similar reason) necessary to subtract from the former the constant 
32, so as to reduce the E. scale to the same starting-point before 
multiplying by the inverse sizes of the degrees. 

Example 6. — ^What temperature C. corresponds to 200° E. ? 

Answer. (200— 32)|, 

or200°E.=93°-3C. 
And so in converting E. temperatures into E. temperatures. 
Example 6. — ^What temperature E. corresponds to 52° E. ? 

Answer. (52-32)f, 

or 52° E=8°-8 E. 
The following Table of formulsB contains all possible cases of 
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transformation of any temperature expressed on one scale to any 
other scale : — 

n° C.=|n° R. 

w° R.=f n^ C. 

n° C.=|w°+32° F. 

n°R.=fn°+32° F. 

n°F.=f(n°-32°) C. 

n°F.=^n°-32°) R. 

§ 66. The zero Fahrenheit is 32° F. below the melting-point 
of ice. Equal divisions on the glass are carried both above the 
boiling-point of water and below that of melting ice. . The 
degrees of heat below zero are called negative^ and a minus sign 
is prefixed to them. Thus mercury freezes at —39° C. or 
-38°-2 F., or -3P-2 R., &c*. 



§ 57. The following Table gives some idea of the range of some 
natural and artificial temperatures. 

Temperature, C. 

Supposed temperature of stellar space . . — 142 

Greatest artificial cold — 140 

Greatest observed natural cold — 49 

Mercury freezes . *. — 39 

Mixture of snow and salt — 20 

Water freezes or ice melts 

Maximum density of water -\- 4 

Heat of human blood 36*6 

Water boils or steam condenses (at 760 

millims.) 100 

Mercury boils 360 

Supposed heat of the sun 1761 

Highest heat of furnace 1804 

* The student should practise conversion of both + and — degrees of 
temperature from each scale to the other two until he is famihar with the 
use of the above formulae. 
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Still higher temperatures are obtained by the bunuDig-glass, hy 
the oxyhydrt^n blowpipe (see Part II.), &ad by the interruption 
of the galTanic cnrrent. Eut neither extreme heat nor extreme 
cold can be measared with accuracy, because it is not known 
whether at such temperatures the substances used in the pyro- 
meters or thermometers obey exactly the same law of expansion. 

§ 58. Megi»t6ring ihermometer ; maximum and taimmum tktr- 
tnameUr. — For some purpoaee, especially in meteorology, we wish 
to know the highest or lowest temperature (or both) which has 
been reached during a certain time. This is done by making 
the liquid in the thermometer leave a mark at the extreme points 
which it has reached. Fig. 22 shows the construction. The 
expanding liquid is alcohol con- Fig. 22. 

tained in the vessel A. The vessel 
A, with its twice bent tube B, is full 
of alcohol as far as C. From C to 
D the lower bend la filled with mer- 
cury. Above D there is alcohol 
again ; and the other end E, which is =^ 
widened into a bulb, is also partly „ I 
filled with alcohol, but part, F, is 
empty. When the temperature of == 
the whole rises, the alcohol in A ex- 
pands, forces down the merciury in 
C, and forces up the mercury in D. 
Besting upon the mercury inside the 
tube, there is at C and at D a little 
plug, consisting of two glass beads joined by an iron wire, and 
made to slide with some difficulty in the tube by means of a 
litUe glass thread springing against the side of the tube. This 
contrivance is shown enlarged at G. If (he position as represented 
in the figure be that at the maximum temperature ; when the 
alcohol in A shrinks, the mercury in C will follow it and push up 
the plug C, while the plug D will be left at its maximum height by 
the falling mercnry. Inversely, when the alcohol expands the 
mercury sinks from below C, leaving it, but it pushes up the 
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plug D. The stem C is accordingly graduated from above down- 
wards, the stem D from below upwards. In order to set the 
instrument after use, the plugs are moved in the tubes so as to 
touch the mercury, by means of a magnet, which attracts the iron 
wire connecting the beads. 



CHAPTEE VI. 

Difference between Temperatube and Quantity of Heat. 

§59. The temperature of a body, called sometimes, but im- 
properly, its sensible heat, is so elementary a notion as to defy 
direct definition. Any two bodies of different temperature in 
contact (as indeed also apart, see Eadiation) will tend to 
approach the same temperature intermediate between them. Thus 
all bodies in the same room, unless some of them are subject to 
special influences, have the same temperature. Two similar coins 
laid on the table will, after a time, have the same temperature. If 
they are both held at the same distance from the fire they will 
rise equally in temperature, so that, though both warmer than 
before, they will have the same temperature as one another. 
The two coins wiU in both cases feel equally cool or equally 
warm. Hence the term " sensible heat.'* But two bodies of 
the same temperature may, to the sense of touch, appear to have 
different temperatures. (See Conduction.) Thus a copper coin 
at 0° C. will feel very cold ; copper filings at the same tempe- 
rature will not feel so cold. The hand in the second case is 
not cooled so much, does not lose so much heat as in the first. 
And it is only the amount of gain or loss of heat by the hand 
which determines the use of the terms hot, warm, cool, cold 
(See § 4). Sensible heat is therefore not so appropriate an ex- 
pression as temperature. 

§ 60. The temperature of a body is shown and measured by 
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the expansion or contraction of known volumes of other bodies 
placed in contact with the first — that is, by thermometers. One 
body has a higher temperature than another when it causes the 
mercury in a thermometer placed in contact with it to stand at 
a higher level than the second body does ; so that, if a thermo- 
meter be placed in succession in contact with two indefinitely great 
quantities of two substances, the one which causes the mercury to 
stand highest in the thermometer has the greatest or highest 
temperature. Temperature may be called the intensity of heat. 

§ 61. It is clear that if two equal masses of the same matter 
have the same temperature, there is twice as much heat in the 
two together as in either of them singly. The quantity of heat 
in a given kind of matter at any given temperature varies there- 
fore as its mass, weight, or volume. 

§62. It is found by experiment that if two equal masses 
(weights) of different kinds of matter at the same temperature 
receive equal amounts of additional heat, though they both may 
rise in temperature they seldom rise equally in temperature. The 
one has a greater capacity for heat than the other ; the accession of 
the same quantity of heat does not raise its temperature so much. 

§ 63, Thus, if 1 lb. of mercury and 1 lb. of water at the same 
temperature be held over the same flame of a candle for the same 
time, the mercury will get hot much more quickly than the water, 
and will constantly show a higher temperature to the thermo- 
meter. It is true that the 1 lb. of mercury is much smaller in 
bulk than the 1 lb. of water ; but this is not the reason of its more 
rapid heating. For if 1 lb. of oil, which has a greater volume 
than 1 lb. of water, be exposed under the same conditions, it too 
will rise more rapidly in temperature than the water, and con- 
tinually have a higher temperature. Water is said to have a 
greater capadty for heat than either mercury or oil. The same 
quantity of heat entering into it affects its temperature less. Or, 
what comes to the same thing, in order to raise equal weights of 
water and of mercury or oil from one temperature to the same 
higher one, more heat must enter the water than enters the 
mercury or oil. 

c5 
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§ 64. Inversely, if the same weights of water, mercury, and 
oil have the same temperature, and the same quantity of heat be 
withdrawn from each, the water will be least affected, and its 
final temx>erature will be above that of the others. And if the 
temperatures of all three equal weights be reduced from any one 
the same temperature to any other the same temperature, more 
heat must be withdrawn from the water than from either of the 
others. 

§ 65. The relation between the ideas temperature, capacity 
for heat, and quantity of heat may be conveniently illustrated 
by comparison with a well of water. Let there be two cylindri- 
cal weUs (fig. 23) of different capacities (sectional areas) con- 
taining water. 

The height of the water represents the tempera- ^- 23. 
ture. The capacity of the well (that is, its sec- 
tional area) represents the capacity of the body for 
heat. The quantity of water in the well repre- 
sents the quantity of heat in the body. 

Thus we have the following parallel cases : — 

r The water in both wells stands at the same height. 
I The temperature of both bodies is the same. 

On adding or subtracting the same amount of water to or frx)m 
both wells, the height of the water in the well of greater 
capacity is less raised or depressed than in the well of less 
J capacity. 

On adding or subtracting the same amount of heat to or from 
both bodies, the temperature of the body of greater capacity 
for heat is less raised or depressed than that of the well of 
^ less capacity. 

'^More water must be added to, or taken from, the well of greater 
capacity, to alter the height of its water a given amount. 
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than is the case with the one of less capacity. 
More heat must be added to, or taken from, the body of greater 
capacity, to alter its temperature a given amount, than is 
the case with the body of less capacity. 



TEMPERATURE AND QUANTITY. 35 

§ 66. It is self-evident that the entire quantities of heat in two 
bodies of the same temperature and of equal masses are proportional 
to their capacities for heat, just as the entire quantities of water 
in the two wells are proportional to their capacities if it stands*at 
the same height in both. The total or absolute quantity of heat 
in a body is never knowD, because the state of absolute cold is not 
known. Returning to our illustration, the depth of the well is 
not known. 

§ 67. Quantity of heat may be measured through its cause or 
through its effect. Thus, by the first means, a given weight of 
charcoal, burning completely in the air, gives out a certain in- 
variable quantity of heat ; a given amount of mechanical force, 
expended in overcoming friction, gives rise to a definite quantity 
of heat ; the sun at a given altitude, shining on a given surface, 
gives it a fixed quantity of heat, &c. But quantity of heat is 
most conveniently measured by its effect. 

§ 68. If a given weight of a given substance at a given tempe- 
rature be heated to another fixed temperature, or through a cer- 
tain number of degrees, the amount of heat employed may be 
taken as a imit of heat. The most convenient unit to employ is 
the amount of heat necessary to raise a gramme of water at 0° C. 
to 1° C. If twice the heat be applied, the gramme attains the 
temperature of 2° C, and so on*. Further, to raise the tempera- 
ture of 2 grammes of water 1°, twice the heat must be added; 
and generally to raise m grammes of water n degrees, m . n units 
of heat must be employed. The number of units of heat neces- 
sary to raise a given weight of any substanpe^ given number of 
degrees is of course directly proportional to the capacity of the 
body for heat. Using the former illustration of a well, a unit of 
heat may be compared to a bucket of water. 

* This is sufficiently nearly the case for our present purpose. The water 
would really be heated to an inappreciably small fraction of a degree below 
2° C, as we shall subsequently see. 
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CHAPTEE VII. 

Specific Heat. 

§ 69. If the proportion between the quantity of heat necessary 
to raise a given weight of one substance, A, through a number of 
degrees be compared with (divided by) the quantity of heat 
necessary to raise the same weight of another substance taken as 
a standard, E, through the same number of degrees, the Sjpecijic 
Heat of the substance A is obtained. The substance used as a 
standard of comparison is almost universally water. 

§ 70. It follows from § 68 that the specific heat of a body is 
got by raising equally its temperature and that of an unequal 
quantity of water by adding the same quantity of heat to both, 
and dividing the quantity of water by that of the body ; and : — 

§ 71. By adding the same quantity of heat to equal weights of 
the body and of water, and dividing the number of degrees gained 
by the water by the number gained by the body. 

§ 72. It must be borne in mind that specific heat is not heat, 
but number — just as specific gravity is not weight, but number. 
Both of them are quotients. It is also evident that the specific 
heats of two bodies are proportional to their capacities for heat. 

§ 73. Since the heat lost by a body on cooling is exactiy equal 
to the heat it had gained on being heated through the same 
number of degrees, the heat lost by the warmer of two bodies of 
different temperature in contact is exactiy equal to the heat 
gained by the cooler. 

§ 74. If one of them be the standard body, water, the specific 
heat of a body is at once found by taking a known weight of the 
body at a known temperature and bringing it into contact with 
a known weight of water at another known temperature, and ob- 
serving the temperature which they both have when the warmer 
has been cooled and the cooler warmed. 

§ 75. Thus if 10 oz. of water at 0° C. be agitated with 10 oz. 
of water at 100° C, the result will be 20 oz. of water at 50° C. 
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The one 10 oz. has lost 50° of heat, the other 10 oz. has gained 
50°. The specific heat of water is by definition unity [=--]. 

§ 76. If now 10 oz. of water at 100° C. be agitated with 10 oz. 
of mercury at 0° C. until they both have the same temperature, 
that temperature will be found to be 96°*8 C. ; or the heat which 
on leaving the 10 oz. of water only reduced its temperature 
3°'2C., has been sufficient to raise that of an equal weight of 
mercury 96°*8 C. Hence the specific heat of mercury 

3°-2 

*=96^8^^*^^- 

§ 77. If unequal quantities of the substance and water are em- 
ployed, as is most frequently the case, the above ratio of loss and 
gain of the respective temperatures must (as appears from §§ 68 
and 70) be multiplied by the ratio of the weights used. In 
general terms, let 

t^ be the original temperature of the water, 

te/j be the weight of the water, 

t^ be the original temperature of the substance, 

w^ be the weight of the substance, 

<3 the final temperature of both. 

Then, supposing the body to be hotter than the water originally, 

specific heat= ^^—^ x -^. 

Example, — 4 lb. of water at 20° C. are mixed with 6 lb. of a 
liquid at 72° C. The mixture has the temperature of 23° C. 
Eequired the specific heat of the liquid. 

Here 

*,=20° C, w;,=41b., ^,=72° C, M;,=61b., <3=23° C. 

Specific heat:= — — — x — ' 
^ 72°-23° 6 lb. 

=0-041. 



CHAPTER VIU. 
Calobthstebb. 

§ 78. The determination of the epeci£c heat of bodies is called 
" calorimetry." Special instruments called '^ ealarimtUrs" are 
constructed for exact determiuationa. The above (§§ 73-77) is 
a simple means of determining roughly specific heat by what is 
called the method of miiture. The same principle is most fie- 
quently employed in calorimeters, but certain precautions are 
used to increase the accuracy of the result. 

The following is a brief description of one form of calorimeter 
applicable to the detemiination of the specific heat of many solids 
and liquids. A known weight of the substance is bung in a little 
basket, S, fig. 24, of brass wire. If the substance be a liqmd 
or a solid which is influenced by water, it is enclosed in a thin 
glass tnbe and placed in the basket. The basket is hung In the 
middle of a double copper cylinder C, Cj C, C,, between the 
walls of which a current of steam at 100° C. ia made to circulate 
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by means of the pipes P, and P, ; so 
that the basket and its contents are 
in a cylindrical chamber between 
whose doable waUs steam of constant 
temperature is continually circulating. 
The consequence is that the substance 
in the basket, without having been 
actuaUy in contact with the steam, 
yet acquires, after a time, exactly its 
temperature. This is seen to be the 
case by reading the thermometer Tj, 
whose bulb touches the basket and 
whose stem passes through a cork 
closing the top of the inner cylinder. There is then slipped be- 
neath the basket a little vessel of polished brass, Y, containing a 
known quantity of water at a known temperature, as marked on 
the second thermometer,T,. The baBket,£,iB immediately lowered 
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rapidly into the water in V, which is instantly slipped away. 
The basket containing the substance is stirred up in the water^ 
and gives it a portion of its heat. The thermometer, T,, rises and 
shows how much heat the water has gained. Various other 
precautions and corrections have to be observed, which need not 
be mentioned here. 

§ 79. If the substance be acted upon by water, turpentine may 
be sometimes used instead in Y. By this means the capacity for 
heat of the substance compared with that of turpentine is in the 
first instance found. But if the capacity for heat of turpentine 
compared with that of water (that is, its specific heat) be also 
found, the capacity for heat of the substance compared with that 
of water (that is, its specific heat) is got from the simple propor- 
tion : — If 

Capacity for heat of substance _ 
Capacity for heat of turpentine ' 
Specific heat of turpentine =6, 
then Specific heat of substance = a 6. 

§ 80. Another form of calorimeter is based upon the measure- 
ment of the expansion of a known volume of mercury of a given 
temperature when it has received the heat which a known weight 
of the substance loses on cooling. A glass globe, G (&g. 25), 

Fig. 26. 
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with its attached tube S is completely filled with mercury as far 
as the mark on the scale borne by the tube S. This is effected 
by adjusting a screw-plug, P, which works tightly through the 
upper part of the globe. At T a little tube of thin glaas is fused 
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into the globe, with its closed end in the globe and its open end 
outside. The tube T also contains a little mercury. The sub- 
stance previously weighed and heated to a known temperature 
(say, 100° C.) is introduced into T, either in the free state or en- 
closed in a smaller tube of very thin glass. As the substance 
gives up its heat to the mercury, the latter expands and advances 
along the tube S. Bodies of the greatest specific heats will of 
course cause the greatest expansion. 

§ 81. It is also possible to determine roughly the specific heat 
of a body by burying a piece of it of known weight and known 
temperature in a dry cavity of a piece of melting ice. The quan- 
tities of ice melted (that is, the quantities of water formed) will 
be in the proportion of the specific heats of the bodies experi- 
mented on. 

§ 82. The specific heats of gases and vapours are found by 
passing known volumes (and therefore known weights) of them 
at a known temperature through a spiral worm of thin metal 
traversing a vessel containing a known weight of water at a 
known temperature. If the temj^erature of the escaping gas be 
found, all the necessary data for determining the specific heat of 
it are in our possession. 

§ 83. The following Table shows the specific heats of a few 
substances, gaseous, liquid, and solid. It will be noticed that one 
and the same substance has different specific heats according as 
it is in the gaseous, liquid, or solid state. 

Specific heat of water =1. 



Gases. 


Liquids. 




1 
1 


Solids. 


Hydrogen 34090 


Mercury 


.. 0-0333 




00319 


Nitrogen 0-2438 


Phosphorus ..... 


.. 0-2120 




0-1887 


Oxygen 0-2176 


Sulphur 


.. 0-2340 




0-2026 


Air 0-2374 


TiPad 

Alcohol 


,. 00402 
.. 0-6150 


Gold 


00314 


Carbonic acid.. 0*2163 


... 0-0324 


Carbonic oxide 0*2450 


Oil of turpentine 0-4670 


Silver 


... 0-0570 




Tercbloride of 


] 0-2092 




• 


Chlorine 0-1210 


phosphorus. 


Platinum 0*0324 


Bromine 0-0555 


•••••••••••••••9«#9A4 


. 01060 




0-0843 
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§ 84. The specific heat of a substance in the solid state is 
increased with its temperature. 

At its temperature of fusion, a further sudden increase of spe- 
cific heat almost always takes place. 

On being further heated as a liquid, its specific heat farther 
increases. 

On being converted into a vapour, its specific heat is suddenly 
diminished. 

The specific heat of the substance in the gaseous or vaporous 
state is the same at all temperatures. 

Thus :— 



Ice 



Between. 
f-70°C. a,ndO°C. 
'1-20 „ 


= 


Mean 
specific heat. 

0-474 
0-504 


Water ^ ohn^ 
I at 100 


= 


1-000 
1-130 


Steam 




0-480 


OKAPTEE IX. 
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Latent Heat. 







§ 85. If heat be gradually applied to a mass of very cold ice 
(say, at — 10° C), the following changes are observed. At first it 
gets warmer, until the entire mass has the temperature of 0° C. 
It then commences to melt ; but during its melting (that is, as long 
as any ice remains), both the remaining ice and the liquefied ice 
or water maintain precisely the same temperature of 0° C. As 
soon as all the ice has disappeared (the heat being continually 
appHed). the water graduaufrises ^temperature ^tilitreaches 
the temperature of 100° C. It then commences to boil ; but 
during its boiling (that is, as long as any water remains), both 
the remaining water and the vaporized water or steam maintain 
precisely the same temperature of 100° C. As soon as all the 
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water has disappeared (the heat being continually applied), the 
steam gradually rises in temperature and may attain any tempera- 
ture. There are therefore two conditions of the substance (namely, 
as ice at 0° C. and as water at 100° C.) when accession of heat 
does not produce rise of temperature but change of physical state — 
namely, ice at 0° C. to water at 0° C, and water at 100° C. to 
steam at 100° C. 

The heat which enters the ice at 0° C. to form water at 0° C, 
and the heat which enters the water at 100° C. to form steam at 
100°, is said to become latent or hidden, because it neither affects 
the sense of touch nor the thermometer. In the first case the 
heat becomes latent in the water at 0° C, in the second it becomes 
latent in the steam at 100° C. Such heat has also received the 
better names of heat of liquefaction in the first case, heat of 
vaporization in the second. 

§ 86. Inversely, if heat be continuously withdrawn from a 
quantity of hot steam, say, at 110° C, the first effect will be to 
cool the steam ; this will go on until the temperature of the 
steam is reduced to 100° C. On continuing to withdraw the heat 
(as by contact with a cold body) the steam will begin to condense ; 
but both the remainder of the steam and the water formed from 
it will maintain the same temperature of 100° C. as long as any 
steam remains uncondensed. On continuing to withdraw the 
heat from the water at 100° C, it wiU gradually fall in tempe- 
rature until it reaches 0° C. If heat be still withdrawn, the 
water no longer sinks in temperature, but begins to freeze. As 
long as any water is left unfrozen, both the residual water and 
the ice formed from it will maintain the same temperature 
of 0° C. As soon as all the water is frozen, if the abstraction of 
heat be continued, the ice may be cooled to any degree. 

§ 87. The heat withdrawn from the steam at 100° C. to convert 
it into water at 100° C. is the same in quantity as the latent heat 
of the steam, and may be considered as the identical heat which 
entered the water at 100° C. to convert it into steam at 100° C. 
And, in like manner, the heat which is withdrawn from the 
water at 0° C. to convert it into ice at 0° C. is the same in quan- 
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tity, and may be considered identical with the latent heat of the 
water — that is, with the heat which entered the ice at 0° C. to 
convert it into water at 0° C. 

§ 88. All solids absorb heat on liquefaction, and all liquids give 
out heat on solidification. All liquids absorb heat on vaporiza- 
tion, and all vapours give out heat on condensation. 

§ 89. The constancy of the temperatures of melting ice and of 
boiling water has already been applied to the determination of 
the fixed points on the thermometric scale (§ 54). 

§90. The latent heat of a liquid may be determined by 
bringing a quantity of it just to the temperature at which it 
begins to soHdify, and then bringing it into contact with a known 
weight of a solid at a lower temperature, and observing, 1st, how 
much of the liquid is solidified, and 2nd, how much the solid 
has increased in temperature ; for it is clear that the heat with- 
drawn from the liquid to solidify it, i. e. the latent heat of the 
liquid, is equal to the heat acquired by the cold solid. Inversely, 
the latent heat of a liquid may be also found by bringing it to 
the solid form, taking a quantity of it at the temperature at which 
it just begins to melt, and immersing it in a known weight of a 
liquid at a higher temperatm^e, and noting, 1st, how much of 
the solid is liquified, and, 2nd, how far the temperature of the 
warming liquid has fallen. 

§ 91. It is evident that if, after the solid is melted in a 
warm liquid, the two liquids remain in contact imtil their tem- 
perature becomes the same, the warm liquid will have had not 
only to melt the solid, but to raise the resulting liquid from 
the temperature at which its melting took place to the tempe- 
rature which both have finally. The correction necessary is 
known on knowing the capacity of the liquefied solid for heat. 
If the. BoUd be in excess, so that when the two have attained the 
same temperature some of the solid remains unliquefied, and all 
the substances present have consequently the original tempe- 
rature of the solid, no such correction is needed. 

§ 92. The latent heat of a vapour is found by leading it through 
a worm surrounded by a known quantity of a colder liquid (gene- 
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Kg. 26. 



rally water) until it ceases to be condensed — that is, until the 
temperature of the condensing liquid reaches that of the vapour. 
Fig. 26 shows such an arrangement. The liquid is boiled in the 
flask F. Its vapour mainly collects and 
condenses in the bulb B; the remainder 
condenses in the worm. On finding how 
much of the liquid in F has been boiled 
away, or, what is the same, how much 
vapour has been condensed, and on know- 
ing the weight of the water which, while 
rising a certain temperature, has withdrawn 
the latent heat of the liquid vapour and 
condensed it, we can, as before, deduce 
the latent heat of the vapour, because 
the increased heat of the water is exactly p 
equal to the latent heat of the vapour. 

§ 93. The following are a few instances of the latent heats of 
liquids and vapours : — 

Latent Heat. 




Liquids. 

Water 79-2 

Melted Sulphur . . 9*4 

Lead . . . 

Zinc . . . 

Bismuth . 



yy 



99 



5> 



5-4 
28-1 
12-6 



Vapours. 

Water 535 

Alcohol 202 

Bromine .... 45 



§ 94. Of all vapours that of water has the greatest latent heat. 

§ 95. Those liquids have the greatest latent heats whose cor- 
responding solids have the highest melting-points. 

§ 96. The latent heat of water is of great influence in nature, 
by equalizing the temperature of the earth, the sea, and the air. 
For if a portion of the sea be exposed to great cold, it freezes, 
giving heat out of its great store of latent heat. A continuance 
of the cold does not depress the temperature of the ice, but 
causes more to be formed. When the summer sun shines upon 
the ice, it does not warm it but melts it. Thus, in both cases, 
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sudden changes of temperature are avoided, and the winds which 
blow from the polar regions are more uniform in temperature 
(see § 23). Eivers whose sources are on snow-covered mountains 
would cause disastrous floods in spring time, if the water at the 
moment of its formation did not absorb as latent heat a part of 
that given by the sun; for otherwise the whole of the snow 
would melt at once on receiving heat, the moment after its tem- 
perature rose to 0° C. 



CHAPTEK X. 

Liquefaction. 

§ 97. Liquefaction of solids, — ^We have hitherto supposed the 
heat to be applied to the solid to produce liquefaction, and to the 
liquid to produce vaporization. If the solid be melted by any 
other means, in liquefying it seeks to obtain heat from sur- 
roanding objects. If it cannot do so it refuses to liquefy ; so 
that when a solid liquefies by such means it absorbs heat or 
" produces cold." 

§98. Many solids may be liquified by dissolving them in 
liquids ; and some solids whep brought together melt in order 
to mix, provided that their mixture is a liquid. In such cases 
heat is absorbed by the body undergoing liquefaction, and with- 
drawn for that purpose, if possible, from surrounding objects. 

§ 99. " Freezing-mixtures " act on this principle. If equal 
wights of a solid body calLed nitrate of ammonium (see Part 11.) 
and water, both at 10° C, be mixed, the nitrate of ammonium 
dissolves and becomes liquid; the mixture sinks in tempe- 
rature to — 15°'5 C. If two parts by weight of snow at 0° C. be 
mixed with one part of common salt at 0° C, a temperature of 
—20° C. is obtained. Again, mercury dissolves many metals, 
forming what are called " amalgams :'* frequently a considerable 
fall of temperature attends the solution. 
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§ 100. Inversely, a liquid may sometimes be converted wholly 
or partly into a solid without the withdrawal of heat — as when a 
solid suddenly crystallizes out of a liquid. This is always accom- 
panied by a sudden evolution of latent heat from the liquid. 

§ 101. Liquefaction of gases, — ^When a gas simply dissolves in a 
liquid without uniting chemically with it (that is, without forming 
any new compound — Part U.), heat is evolved. Thus, when 
steam at 100° C. is passed over dry sugar, a syrup is obtained of a 
temperature above 100° C. 

§ 102. When gases unite chemically with one another and form 
liquids, heat is always evolved ; and when a gas unites chemically 
with a liquid, so as to form a new compound, heat is also evolved. 
In both cp«<es the heat is due in part to the escape of the lat^it 
heat of the g&d. Thus heat k given out when a gas (oxygen) 
unites with another gas (hydrogen) and forms a liquid (water). 
A gas, ammonia, dissolves in and combines with water^ giving 
out heat. 

Liquefaction of gases will be further considered in the next 
chapter. 



CHAPTER XI. 

Evaporation and Ebullition. 

§ 103. At temperatures far below their boiling-points, but not 
at all temperatures, all known liquids in contact with gases or 
exposed to vacuo are found to give rise to vapour ; that is, the 
surface of the liquid is converted into vapour and spreads out 
or diffuses into the gas or empty space above it. Such separa- 
tion of a part of a liquid as a vapour is called evaporation. When 
the same takes place from a solid, it is called volatilization. 
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§ 104. The mechanical force which is thus exerted is colled the 
tension or elastic force of the vapour of the body. 

§ 105. The tension of the vapour of a body m vacuo may be 
very conveniently measured by introducing a little of it into the 
vacuum of the barometer. The mercury is then depressed, and 
Uie distance throogh which it is driven down is a direct measure 
of the tension of the vapour of the sabstance. 

When a part of a body is thus converted into vapour, the 
cohesion of the body is overcome. 

§ 106. We already know that the particles of abody are sepa- 
rated by heat, the body thereby expanding. Whenjlherefore, the 
particles of a liquid are further removed from one another by 
heat, their cohesion as a liqtiid offers less resistance to the tension 
of the vapour. Accordingly it is found that the tension of a 
vapour in contact with the substance which gave rise to it in- 
creases with the temperature, and, according to the increased 
temperature, depresses further the barometric column. 

§ 107. To show theincrease of tension with temperatnre, a few 
drops of the evaporating body (suppose a liquid) (fig. 27) are in- 
troduced above the mcTCury, U, of a barometer, B. The barometer 
is enclosed in a glass cylinder, C, containing j'jg^ 27. 

some transparent liquid, which may be heated. ^ 
Thus, suppose the surrounding liqoid is oil, of 
the temperature 0° C, and the mercury stands 
at 760 millims. in the barometer, B. On intro- 
ducing into the barometic vacuum ice of the 
temperature —32° C, the mercury sinks 0-310 
millim. Aa the oil is warmed (its tempe- 
rature being ascertained by the thermometer, T), 
the mercury in It b forced lower and lower 
down by the ever increasing tension of the 
vapour of the ice (which is identical with the vapour of water, 
and is steam), until the ice melts. Thenceforth the vapour 
rises from water. The following Table shows in millimetres the 
elastic force or tension of the vapour at a few different 
tempemtoree ; — 
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At —30° C. the mercury sinks 
-20 



-10 


+ 10 
20 
30 
40 
60 
60 
70 
80 
90 

100 



j> 



99 



99 



» 



M 



99 



99 



99 



» 



99 



99 



99 



99 



99 



J> 



J> 



99 



99 



99 



9> 



J> 



» 



99 



99 



99 



99 



millims. 
0-366 

0-841 

1-963 

4-600 

9-166 

17-391 

31-648 

64-906 

91-982 

148-791 

233-093 

354-643 

625-450 

760-000 



The tension therefore increases much more rapidly than the 
temperature. 

§ 108. At 100° C, that is, when the water begins to boil, the ten- 
sion of its vapour exactly counterbalances the pressure of the air. 
and the mercury in the barometer stands at the same level as thai 
outside. 

§ 109. The tension of the vapour of different substances at the 
same temperature is very different. This is seen on introducing 
different substances at the same temperature into a series oi 
similar barometers (fig. 28). 

Fig. 28. 

D C B A 
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Let the barometer A be empty. 
In B let there be water. 
„ C „ „ alcohol. 
„ D „ „ ether. 

It is found that the tensions of the different vapours are in the 
order, ether, alcohol, water — ^the mercury being depressed in this 
order. In the ordinary barometer itself there is a slight depression, 
due to the tension of the vapour of mercury. Mercury itself 
gives rise to a vapour which at ordinary temperatures is very 
slight, at 100° C. being only 0-003 millim., and at 200° C. 
being 1*930 millim. 

§110. The tensions of the vapours of different substances 
have not been minutely examined ; but it appears that, of two 
substances, the one which boils at the lower temperature will 
have a vapour of the greater tension. 

§ 111. If pressure be applied to the surface of a body which 
is giving off vapour, the tension of the vapour is opposed and 
checked; it may be altogether counteracted. The pressure of 
the atmosphere (15 to 16 lb. per square foot) is such an opposing 
force. On diminishing the pressure of the air on an evaporating 
surface, the evaporation is increased ; and if the air be entirely 
withdrawn, as in the barometer-tube, the evaporation is as great 
as it can be at the given temperature. In the latter case, if the 
vapour as formed be withdrawn, fresh quantities of vapour will 
rise ; and if it be continually withdrawn, a continuous evapora- 
tion of the liquid must ensue. The same takes place to a less 
extent if the withdrawal of the air in the first instance be incom- 
plete—that is, if the vacuum formed above the liquid be imperfect. 

§ 112. The conversion of a liquid into a gas is, as we know, 
always attended by an absorption of heat which becomes latent 
in the gas or vapour. 

§ 113. Hence, if a little water in a shallow basin be placed 
tinder the receiver of an air-pump over another basin containing 
some substance eager to absorb water or its vapour, such as oil 
of vitriol, and the air be pumped out, the following effects take 

D 
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place. The opposition to the tension of the -p- 29 

vapour of the water being withdrawn or di- 
minished by the total or partial removal of the 
air, the watery Taponr rises from A and fills 
the receiver (fig. 29). A is the water, B the 
oil of vitriol. That part of the watery vapour 
which comes into contact with the oil of vitriol 
is absorbed, and a fresh evaporation takes place from A. The 
absorption of the vapour by B and its evolution from A go on at 
the same time and uninterruptedly, and the heat which the 
evaporating part of the water requires as latent heat is taken from 
the rest of the water. In this way the water in A may lose so 
much heat as to freeze. 

§ 114. Bodies which cannot be dried by heat on accotmt of 
their being decomposed at high temperatures are frequently dried 
in this way imder the receiver of the air-pump. 

§ 115. The higher one ascends in the air the less is the pressure 
of the air, and the greater consequently the evaporation. Regions 
are habitable where the atmospheric pressure is so small that 
substances which are known under ordinary circumstances as 
liquids, such as ether, there exist naturally as gases, and can only 
be got in the liquid state by artificially increasing the pressure on 
them or taking the heat from them. 

§ 116. Inversely, many bodies which are known under ordi- 
nary circumstances as gases may be converted into liquids, either 
by increasing the pressure upon them or by artificially cooling 
them. Thus the weU-known gas carbonic acid becomes a liquid 
when it is either cooled to —78° C. at the ordinary pressure of 
the air, or compressed with a force of 28 atmospheres at the ordi- 
nary temperature. Ammonia becomes liquid when cooled to 
—33° C, or pressed with a force of 6 atmospheres, &c. 

§ 11 7. The evaporation produced by diminished pressure and 
the cold produced by evaporation are both shown in the Cryo- 
jphorus (fig. 30). It consists of two bulbs, A and B, joined to- 
gether by a tube. "When the instrument is made, a little water is 
put in. This is boiled ; and when aU the air is expelled, the tube 
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Fig. 30. 



B 



9 




is sealed up. When the bulbs get cold the steam in them con- 
denses, and, the air being excluded, there is present only vapour 
of water. If, now, the water is all made to flow into the one bulb, 
B, and the other, A, is surrounded by a fpeezing-mixture, the 
vapour in A condenses ; and the pressure upon the water in B 
being removed, it gives off vapour to supply its place ; the process 
is continuous until so much heat has left the water in B in order 
to become latent in the vapour which rises from it, that the re- 
mainder of the water in B freezes. 

§ 118. When an evaporating liquid is placed in a confined 
space containing air or other gas, the evaporation will continue 
until the gas becomes saturated with the vapour. Since all gases 
and vapours mix with one another in all proportions, the quan- 
tity of the liquid evaporated in no manner depends upon the 
nature of the gas into which the evaporation takes place, but only 
upon its volume and the pressure and temperature common to both. 
A liquid evaporates as perfectly into any gas as it does into a 
vacuum ; and although the rate is not so great in the former 
case, owing to the time required for diffusion^ the final amount is 
the same. 

§ 119. Hence if the atmosphere into which a liquid is evapo- 
rating be of indefinite extent, the whole of the liquid will ultl* 
mately evaporate ; and this will take place the sooner the more 
rapidly the atmosphere is changed. 

§ 120. The conversion of the liquid by evaporation into a gas 
is, of course, as before, accompanied by an absorption of heat by 
the vapour, and the production of sensible cold. The rapidity of 
evaporation and consequent amount of cold produced, depends 
upon the extent of the evaporating surface, and upon the rate at 
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which the atmosphere is changed. The cold produced by evapo- 
ration into air is by far more common than that arising fix>m 
evaporation into vacuum ; and it is of great importance, because 
upon it depend the existence and distribution of water in the 
air and all the attendant phenomena. 

§ 121. Examples of cold produced hy evaporation. — ^When the 
body, through muscular exertion, mental excitement, or external 
heat, acquires a temperature likely to be prejudicial, the skin 
throws off moisture in the form of perspiration, which cools the 
skin by its evaporation. Water is cooled by exposing it in poroos 
vessels to dry wind, by wrapping the water vessels in damp 
cloths, by exposing shallow lakes of water to the wind, &e. 
While in a bath, the body does not feel so cold as on leaving it, 
especially if there be a wind. Mercury may be frozen if brought 
into contact with strong ammonia, through which air is made to 
bubble rapidly. The greatest artificial cold is produced by the 
evaporation of a liquid which has been previously condensed fix)m 
the state of vapour and cooled. 

§ 122. It of course follows that when a vapour is forcibly com- 
pressed so as to become a liquid, in doing so it gives out its latent 
heat. 

§ 123. Further, and inversely, a vapour dissolved in another 
vapour or gas may be condensed and withdrawn when the two 
are cooled. Hence if a cold body is brought into a room of a 
warm moist atmosphere, the air which is cooled by contact with 
the cold body, not being able when cold to hold so much watery 
vapour in solution, deposits it on the cold body as a sort of dew. 
In a crowded room or carriage, in cold weather, the glass of the 
windows is kept cold by the cold air outside ; the inside surface 
becomes cooled and condenses the water which the warm air of 
the chamber has absorbed from the breath and perspiration of the 
people. The water in the breath may be generally condensed by 
breathing upon bodies of the ordinary temperatures. In cold 
moist weather the moisture of breath is given up in^ the form of 
mist as the breath becomes cooled. 

§ 124. At night the earth no longer receives heat from the 
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sun but gives off what it has received during the day. Its sur- 
face becomes cooled ; the water in the air in contact with the 
earth condenses upon the earth as dew. If the weather be very 
cold, the dew as formed freezes and is called hoar-frost. 

§ 125. Fog^ misty clovd, rain, hail, snow, — ^When a mass of the 
atmosphere saturated (or nearly so) with watery vapour becomes 
cooled, the water separates in the liquid state from the air in 
little spherical globules, which are often so small that they do not 
sink rapidly to the earth. Such is called fog or mist when we 
are amongst it, cloud when seen from a distance. The upper 
parts of the air being cooler than the lower ones, it frequently 
happens that when a quantity of air is forced to rise, it becomes 
so cooled as to give up its water as mist. Hence the tops of 
mountains are frequently covered with clouds, because the warm 
moist wind moving along the earth is turned upwards by the 
mountain-side into a region where, being cooled, it can no longer 
hold so much water in solution. 

§ 126, When the little globules of mist get so numerous, or 
grow so as to faU rapidly, rain is produced. If the mist be fro- 
zen before it collects into drops, it falls as snow. If it be frozen 
after it has collected into rain-drops, it falls as hail. 

§ 127. The quantity of moisture in the air is most exactly de- 
termined by passing a known volume of the air through some 
substance eager to absorb water, such as oil of vitriol. The in- 
cresise in weight of the substance is of course the moisture in the 
air. The determination of the quantity of moisture in the air 
is caUed hygromstry, and the instruments used for the purpose 
are hygrometers, 

§ 128. It is clear, from what has been stated, that if there be a 
great quantity of vapour in the air (that is, if the air be nearly 
saturated with water), a very small depression of temperature will 
cause a separation of the vapour as dew upon the body which is 
used to cool the air. And, conversely, the extent to which the 
temperature must be depressed in order to produce dew is a measure 
of the quantity of moisture in the air. The dew-point hygro- 
meter (fig. 31) is a little tube, T, of black glass or bright metal. 
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contaiuingBome ether. Three holes are bored ia 
its cork ; throngh one passes the tube a, which 
reaches nearly to the bottom of T ; thiough the 
other passes a short tube, b, and throogh the 
third passes a themioineter,e. Another thenno- 
nieteT,(2,Bhowathetemperatareof tlieair. Airis 
forced throuf^ a or drawn through b ; in both 
cases it bubblee through the ether in T and 
evaporates it, thereby depressing its tempera- 
ture, and consequently that of the tube T ; 
aft«r some time the surface of T is seen to become dull, owing to 
the condensation on its surface of the water of the air. The 
temperature of the other is then read on the thermometer e, and 
that of the air on the thermometer d. The difference measures 
the degree of moisture in the air — the greater the difference the 
less being the moisture, or the dryer the air. 




CHAPTER Xn. 
IIbcllitioh. 

§ 129. The teiLBion of the vapour of a liquid increases with the 
temperature. If the temperature be so raised that the vapour- 
tension is exactly equal to the pressure of the air, the two are in 
unstable equilibrium, and the sUghtest increase of temperature 
will cause the liquid to boil. Bubbles of vapour are formed in 
the liquid ; these riseand break on the surfece, whence they spread 
throi^h the air. The temperature at which this ebullition or 
boiling takes place is called the " boiling-point " of the liquid. 

§ 130. The boiling-point of a liquid is of course found by ex- 
amining a thermometer whose bulb is either in the liquid as it 
boils, or in the vapour thence arising. 

§ 131. The boiling-points of different liquids under tiie same 
circumstances are very difierent The following list shows the 
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temperatnre at which a few liquids boil under the ordiutuy preg- 
Bure of the air (760 millims.). 

Ammonia —33° C. 

Ether +34 

Alcohol 78 

Water 100 

Phosphorus 290 

Mercttry 360 

Zinc 1040 

§ 132. The boiling-point of a liquid varies slightly with the 
nature of the aurface of the vessel which contains it. Liquids 
boil at the lowest temperatures (and such are regarded as th^ 
true boiling-points) in metallic vesseb and such as have rough 
sur&ces. In very smooth glass vesseU the liquid frequently rises 
in temperature a few degrees above its true boiling-point ; then 
takes place a sudden burst of vapour, which carries off the extra 
heat as latent heat, the residual liquid sinking in temperature. 

§ 133. Difference of boiling-point often offers a convenient 
means for the separation of liquids from a mixture. The mana- 
facture of rum, whisky, or spirite of wine from fermented liquids 
depends upon the fact that alcohol boils at a lower temperature 
than water, and that, if a mixture of the two be heated to a 
temperature between the boiling-points of the two (78° C. and 
100° C), most of the alcohol is distilled oif and most of the water 
remains behind. 

§ 134. The vapour of a boihng liquid is generally condensed 
by being made to pass into a vessel externally cooled by water 
(flg. 32). 
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§ 135. When the pressure upon a liquid is increased, the tem- 
perature at which it boils is raised. The heat must be greater 
before the tension of the vapour overcomes the increased pressure. 
On the tops of mountains the pressure of the air is less, because 
there is a less quantity of air above, and that of a less density. 
Hence in high regions water boils below 100° C. At the bottom 
of mines it boils above 100° C. By determining the temperature 
at which water boils, we may therefore get a measure of the 
height of a mountain. 

§ 136. Also, if the pressure of the air be lessened artificially by 
its total or partial removal, the boiling-points of liquids at the 
surface of the earth are lowered. 

Use is made of this in the arts — as, for instance, in evapo- 
rating the water from cane-juice or in sugar-refining. If the 
saccharine liquid be boiled and concentrated under the ordinary 
atmospheric pressure, the heat necessary to boil it is so great as 
to blacken the sugar ; but by boiling it in vacuo the boiling-point 
is lowered, and the syrup may be so concentrated, without injury 
to its colour, that it crystallizes on cooling. 

§ 137. If a flask of water be boiled briskly (so as to be fuU of 
only water and steam) and then corked, removed from the flame 
and inverted, the water may be made to boil long after its tem- 
perature has fallen below 100° C, by pouring cold water on the 
upper part; for on doing so the steam is condensed, and, a 



partial vacuum being formed, the water boils 
at a lower temperature. 

§ 138. The relation between the boiling- 
point and pressure is seen on heating a 
quantity of water, W (^, 33), in a boiler, B, 
through the top of which passes, steam-tight, 
a tube, T, open at both ends and dipping below 
into some mercury beneath the water. A 
thermometer, A, also passes through the side 
of the boiler. When the boiler is heated the 
steam presses upon the surface of the water 
and forces the mercury up the tube T. The 
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liigher the temperature, as shown by A, the greater the pressure, 
as shown by the level of the mercury in T, The following Table 
shows the temperatures at which water boils when subjected to 
the pressure of more than one atmosphere ; — 

Pressure, in Boiling-point, 

atmospheres. C. 

1 100 

2 121 

10 181-6 

20 214-4 

50 266 

The pressure of steam in a boiler may thus be known by 
finding the temperature of the steam. 

§ 139. The boiling-point of a liquid is also altered by dissolving 
in it solids or other liquids. The dissolved body, if it be a solid, 
appears to adhere to the liquid and keep back the vapour, neces- 
sitating the application of a greater heat. Thus a saturated 
solution of common salt boils at 108°*3 C. 



§ 140. The following diagram illustrates, and may serve as a 
means of recalling, the relation of heat to the three forms of 
matter. 

Heat required. 

Heat absorbed. 

(Cold produced.) 

Solid Liquid Gas 

(Ice). (Water). (Steam). 

Heat evolved. 
Withdrawal of heat required. 
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CHAPTEK XIII. 

Conduction op Heat. 

§ 141. "When one part of a body receives a certain addition to 
its temperature, the heat travels through the mass of the body in 
all directions, until the entire body attains a higher temperature. 
If, for instance, we suppose a mass of iron of 100 cubic inches to 
have the uniform temperature of 0° C, then, if one of those 
cubic inches be suddenly heated to 100° C, it will heat the 
remaining 99 cubic inches to 1° C, itself falling in temperature 
to 1° C, so that the result will be 100 cubic inches at 1° C. 

§ 142. The passage of heat through the mass of the substance, 
without any sensible motion taking place in the matter itself, is 
called the conducUon of heat ; and the substance through which 
the heat travels is called a conductor, 

§ 143. Further, if any part of a body receives a continual 
supply of heat by being constantly maintained at the same 
elevated temperature (as by plunging the part into boiling water), 
the whole of the body will gradually acquire the same tempera- 
ture by conduction. 

§ 144. Inversely, if the temperature of one part of a body is 
reduced, the heat from the warmer is conducted into the cooler 
part until the whole body has a uniform temperature. Thus, if 
a mass of iron of 100 cubic inches volume have the temperature 
100° C, and if one of those cubic inches be cooled to 0° C, the 
heat will pass into the cool cubic inch until its temperature 
reaches 99° C. The remaining 99 cubic inches having each 
thereby lost 1° C, they also wiU have the temperature 99° C, so 
that the entire mass will have the temperature of 99° C. 

§ 145. Again, if heat be continually withdrawn from a pjtft of 
a body (as by plunging that part into melting ice), heat will 
travel through the rest of the body towards the cooler part, until 
the whole body attains the temperature of the cooler part. 

§ 146. Conduction of heat through a body is a particularinstance 
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of the general law, that when two bodies of different temperature 
are in contact, the hotter will give heat to the cooler until the 
temperature of the two are equalized. In the condition of bodies 
of unequal temperature are the unequally heated parts of the 
same material mass. 

§ 147. AU substances without structure (that is, all gases, all 
liquids, and all such solids as have no crystalline form*) conduct 
heat equally in aU directions ; so that, if there be no motion of 
the parts of the body, and a point in the interior of the mass of 
such a body be heated, at any given time the temperatures at 
different points on the surface of any sphere whose centre is the 
heated point T, are the same (fig. 34). pig. ^. 

But the temperature of the various sphe- 
rical shells T,j Tjj, Tg, <fec. are different. 

§ 148. If one end of a solid bar be con- 
tinuaUy heated, at the same instant of 
time the different parts of the bar at 
different distances from the source of heat 
wiU be of different temperatures (fig. 35). 

§ 149. If there were no loss of heat (by radiation and convec- 

Fig. 36. 





tion by the surrounding air) the whole bar would at last acquire 
the same temperature as the heating influence. This is reaUy 
never the case ; one end of a long metallic bar may be kept at It 
red heat for any length of time while the other is held in the 

* Masaes of wood, ivory, &c. of course conduct heat with different power 
according to the relative positions of the path of the heat and the direction 
of the fibres or layers of the organized body. In the above paragraph it is 
supposed that the body has the same composition throughout. 
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hand, because the heat in travelling along the bar escapes, 
partly by radiation (see §§ 169 & 170), and partly by the con- 
vection of the air (see § 163). 

§ 150. Solids conduct heat better (more quickly) than liquids, 
and liquids better than gases. 

§ 151. Of solids, the metals, as a class, conduct heat the best. 

§ 152. The relative conduding-power of solids for heat may be 
determined by heating to the same temperature the ends of 
similar rods of them, and measuring either the time which it 
takes for the other ends of the rods to acquire any the same tem- 
perature, or by comparing the temperatures of the ends of the 
rods after a given time. 

Thus (fig. 36) if four equal and in every way similar rods of 
copper, iron, sdnc and lead, HC, 
H I, H Z, and H L, are fastened 
together and equally heated at H 
by the lamp F; and if marbles* 

M,M,M,M, are stuck with wax ^^ - 

on the under sides of the four ^ ,y 

rods ; or if fragments of phospho- 
rus, P, are placed at equal distances ^ ^ 
from H upon them : then, on applying a flame at H, the marbles 
will be found to fall in the order C, I, Zn, L. The phosphorus 
will also be ignited in the same order. Hence copper is a better 
conductor than iron, iron than zinc, and zinc than lead. 

§ 153. The following Table shows the conducting-powers of a 

few metals : — 

Metal. Conducting-power. 

Silver 1000 

Copper 736 

Gold 632 

Tin 145 

Iron 119 

Steel 116 

Lead 85 

Platinum 84 

Bismuth 18 
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From this it is seen that the conducting-power by no means 
follows the same order as the expansion (§ 35), or as the specific 
heat (§ 83), or as the density. 

§ 154. Conduction of heat hy liquids.— The conducting-power 
of liquids is exceedingly small, and owing to the motion generally 
caused by change of density when a part of a liquid is heated, 
the conducting-power is difficult to measure. The following ex- 
periment shows how small is the conducting-power of water. 
The bulb of an air-thermometer (fig. 4, § 20) j^ ^^ 

is enclosed in a cup C (fig. 37), which is then 
filled with cold water imtil the bulb B is 
covered. Hot water is then poured upon the 
surface of the cold water in such a way as not 
to disturb the latter. The hot water being 
the lighter, rests upon the surface of the cold. 
It is found that the air in the bulb B remains 
for a long time at its original volume, showing 
that the heat has not been conducted down- 
wards. The glass of the cup C, however, con- 
ducts a portion of the heat of the hot water 
downwards, and this causes motion to take 
place in the colder water^ so that at last 
the bulb becomes warm. 

The author has recently shown that, of about twenty liquids 
examined, mercury conducts the best and water the next, and 
that all liquids conduct heat sensibly. 

The conduction of heat hy gases is even less than that by 
liquids, and is indeed so small that it cannot be measured. 

§ 155. The sensation of temperature depends in a great degree 
upon the conducting-power of the bodies with which the human 
body is in contact. If a piece of iron and a piece of wood be 
both heated to the boiling-point of water, the iron cannot be held 
in the hand without pain and injury, while the wood can be held 
with impunity ; for the heat withdrawn by the fingers from the 
part of the iron in contact with them, is quickly replaced by fresh 
heat conducted through the iron. Such is not the case with the 
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bad conductor wood; so that with wood the point held soon 
acquires the temperature of the fingers, and no heat is felt. 

§ 166. The inverse is the case if both iron and wood are ex- 
ceedingly cold. The iron withdraws the heat more rapidly and 
feds colder. 

§ 157. The bad conducting-power of air is employed to keep 
uniform the temperature of rooms, by the application of double 
windows and doors. The enclosed air does not allow the heat to 
pass through, 

§ 158. Solids mixed with gases, as hair, wool, cotton, &c., owe 
their bad conducting-power to the air which is entangled in them. 
Hence their emplo3rment as garments to protect the body from 
sudden changes of temperature. 

§ 159. Even snow, owing to the air which is in it, is a very bad 
conductor of heat. Hence, sometimes, it is used for building 
huts ; and it serves in nature to retain in winter the internal 
warmth of the earth, and to prevent the ground from being frozen 
deeply. 

§ 160. If the air be still, the human body maybe exposed with 
impunity to a temperature of from -f-50°C. to — 50° C, because 
the air refuses to conduct the heat to or from it. 

§ 161. If the hand and arm be moistened with water or a more 
volatile liquid, such as ether, it may be plunged without injury 
into melted iron. The vapour which the heat causes prevents 
direct contact between the metal and the skin, and refuses to 
conduct the heat from the former to the latter, &c. 

§ 162. Those crystals which expand unequally in different di- 
rections when heated (§ 42), also conduct heat in the same direc- 
tions with different rapidity. 



CONVECTION OP HKAT. 



CHAPTER XIV. 

CoHVBCTiON OF Heat. 

§ 163, It is clear that vben a mass of matter of any temperature 
changee its place, the heat which ie in it alBO movea with the body. 

In such a ease, the body is eaid to convex/ the heat. We have 
already had instancea of the couvectioD of heat when speaking of 
the motiona caused by heat in the air and in the sea (§§ 23-33). 

§ 164. Heat may be convoyed by either of the three forme of 
matter. Immense quaatitiee of heat are conveyed through space 
by the movements of the earth and of the celestial bodies. Bnt 
on tho earth itself, convection is more conmion in fluids (gases or 
liquids), in consequence of the motion produced by change of den- 
sity which always accompanies change of temperature, and because 
the parts of fluida move without difficulty among one another. 

§ 165, Although liquids conduct heat very badly and gases 
perhaps not at all, yet a whole mass of either liquid or gas may 
be heated if heat be applied to only one point. Thus if, instead 
of applying heat to the surface of a vessel of water, the heat be 
apphed below, as is generally the case, the hot water being 
lighter, rises. The cold water supplies its place and, reaching 
the source of heat, is heated in its turn (fig. 38). The hot water. 
Pig. 38. Fig. 39. 
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in rising through the cold, mixes with it and gives up some of its 
heat ; so that at any time the "whole water is of nearly the same 
temperature throughout, and rises gradually and uniformly to the 
temperature which the source of heat is capable of imparting. 

§ 166. Precisely the same takes place on heating a mass of air. 

§ 167. In cold climates, the rooms of large public buildings 
a re frequently heated at a distance from the fire, by causing hot 
water, steam, or hot air to circulate in tubes through the rooms 
which are to be heated. 

Thus (fig. 39) if air bo heated in the chamber A, it will rise 
through the pipe B, and, on traversing the tube C, will give out 
its heat to the room R ; becoming thereby cooled, it will sink 
through the tube D, and will pass through E to be again heated 
in A. 

§ 168. Precisely the same effect is produced if water instead 
of air be heated in A. If the water in A be boiled the steam is 
condensed in C, gives out its latent heat and flows, as water, back 
again to the boiler A to be again heated, converted into steam, 
a^d put into circulation. Steam is more frequently used than 
hot water or air, because its temperature is more uniform and 
all danger of overheating is avoided. 

Very important natural instances of the convection of heat 
have been already discussed in speaking of the effects of expan- 
sion (§§ 23-33). 



CHAPTER XV. 

Radiation of heat. 

§ 169. It is generally supposed that whatever the actual 
temperature of a body may be, and whatever its temperature 
relatively to surrounding objects, it continually throws off heat 
in all directions. So that if two bodies of different temperatures 
are in the neighbourhood of one another, each one both gives heat 
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to, and receives heat from, the other ; but the quantity of heat 
given by the warmer to the cooler being greater than the quan- 
tity given from the cooler to the warmer, the cooler becomes 
warmed and the warmer cooled. 

It amounts, however, in effect to very much the same if we 
suppose the hotter body only to lose, and the cooler body only to 
gain heat. 

§ 170. When a body has a higher temperature than the sur- 
rounding bodies it gives them heat, even if it is not in contact 
with them, and even if it is out of contact with matter of any 
kind. And if a body be surrounded only (as far as is possible) 
by empty space of a lower temperature, it will throw off its heat, 
becoming at last as cool as the space in which it is placed. 
Finally, heat which is thrown off from a body not in contact with 
others may pass through certain material media without increas- 
ing their temperature. Heat travelling in any of these ways is 
called Radiant heat, 

§ 171. The great source of radiant heat for the earth is the 
sun. The sun is hotter than the surrounding space ; it gives off 
heat in all directions. This heat traverses celestial space ; a part 
of it reaches the atmosphere of the earth. Some of it is employed 
in heating the air and the watery vapour in the air; a large 
quantity passes through the air and faUs upon the sea and land. 
It penetrates but a'Jlittle way into either, but expends itself in 
increasing their temperature and volumes, or changing their phy- 
sical states. 

§ 172. The radiant heat of the sun travels in straight lines, 
and, as far as is known, with the same velocity as light, that is, 
about 200,000 miles ^er second. 

When radiant heat falls upon a substance three things may 
happen to it. (1) It may be reflected ; the body does not get 
warm but the heat is thrown off again, undiminished in quantity 
but altered in direction, (2) It may enter the body and warm 
it, being absorbed by the body, (3) It may be transmitted, or 
pass through the body without sensibly warming it. 

§ 173. In no case, however, does any one of these things take 
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place alone. If they did so we might represent (fig. 40) a per- 
fect reflector by (1), a perfect absorber by (2), a perfect trans- 
mitter by (3). 

Fig. 40. 






§ 174. But in all actual cases, a part of the heat is reflected, a 
part absorbed, and a part transmitted (fig. 41). Different bodies, 
however, have different reflective, transmissive, and absorptive 
powers ; so that, in some cases, nearly all the heat is reflected, in 
others nearly all is absorbed, in others nearly all is transmitted. 



Fig. 41. 



Fig. 42. 





§ 175. If the heat which leaves a body as radiant heat suffers 
no diminution in entire quantity during its motion, it diminishes 
in intensity according to the square of its distance from the source 
of heat. For since (tig. 42) the entire heat given off in a given 
time from a hot body, S, is the same, there must fall the same 
quantity of heat on the spherical surface. A, as would have fallen 
upon the lesser spherical surface, B. The intensity of the heat 
on A must be less than that on B, according as the surface of A 
is greater than the surface B. Now the surfaces of two spheres 
are in the proportion of the squares of their radii. Therefore the 
intensity of the heat on A is to the intensity of the heat on B 
inversely as the square of S A is to the square of S B ; and uni- 
versally — 

Intensity at distance D^ D^* 

Intensity at distance 'D^~"D^^' 
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§ 176. If radiant heat Mis upon a perfect reflector, its direc- 
tion is altered in exactly the same manner as is that of light and 
of sound; namely, the reflected heat makes the same angle with the 
surface, or perpendicular to the surface, as does the incident heat ; 
and the incident heat, the perpendicular to the surface, and the 
reflected heat are in one plane. 

Thus (flg. 43) if E be a body radiating heat in all directions. 




B. 



the heat R A^ will be reflected in the direction A^ A.^, so that if 
A^ a be drawn from Aj perpendicular to the surface, angle K A, a 
= angle a A, A^, and so on. Heat which falls perpendicularly to 
the surface as B. P, will accordingly be reflected back again to the 
source of heat, E. 

§ 177. If the source of heat be (like the sun) at a very great 
distance, all the heat which reaches us must have travelled nearly 
in the same direction ; that is, such heat may be supposed to con- 
sist of parallel ra3r8. In this case it is clear that the reflected 
rays must also be parallel, if the reflecting surface be a plane. 

§ 178. It is possible so to arrange a number of small reflecting 
surfaces, that the heat which falls upon each of them may, after 

Fig. 44. 




/ M, 



reflection, pass through one and the same point. Thus (flg. 44), 
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let E be a source of heat, and M, a reflecting sor&ce ; then the 
heat "which falls in the direction R M, will be reflected in the 
direction M^ F ; again, M^ may be so adjusted that the incident 
ray, R M^, may be reflected in the direction M^ F, and so on. The 
point F, to which all the reflected rays of heat converge, is called 
the focus. It is clear that if F be the source of heat, the re- 
flectors M,, Mj, &c. being in the same places, then the rays which 
leave F will, after reflection at the surfaces, converge to R, which 
will therefore be the focus. It is a general law that if the focus 
be made the source of heat, the original source of heat becomes 
the focus. 

§ 179. If the parallel rays of the sun be allowed to fall upon 
a concave metallic reflector of the shape shown in fig. 45 (a para- 
bola*), all the rays will be reflected to F, and a great heat pro- 
Fig. 45. 
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duced there. Inversely, if a hot body be placed at F, the heat 
will travel in exactly the opposite direction ; that is, from F they 
will diverge, strike upon the reflector, and thence be reflected 
parallely towards S. 

§180. By combining two such reflectors the heat radiated 
from a body in one part of a room may be collected at another 
(fig. 46). If a red-hot iron ball be placed at B, the heat which 
is radiated strikes the first reflector, is thence thrown parallel to 

* The parabola has the property that if, from any point P of it, two 
straight lines be drawn, one to a certain point F, and the other parallel to 
the central line A F, then these two straight lines make equal angles with the 
tangent at the point P, or with a perpendicular to it. 
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the central axes of both, strikes the second reflector, and is con- 
Fig. 46. 





centrated at A, its focus. There it may ignite gunpowder, or 
affect a thermometer, &c. 

§ 181. The same quality of surface which enables a body to 
oppose the entrance of heat, causing it thereby to bo a good re- 
fl.ector, also resists the exit of heat from the body, and causes it 
to be a bad radiator. Metals are the best reflectors of heat, and 
the worst radiators. Smooth bodies are better reflectors and 
worse radiators than rough ones. Light-coloured bodies are better 
reflectors and worse radiators than dark-coloured ones. 

§ 182. Again, the quality of surface which allows heat freely 
to escape, causing the body to be a good radiator, also allows the 
heat freely to enter ; so that a good radiator is a good absorber of 
heat. 

§ 183. The quantity of radiant heat which passes through a 
medium depends, 1st, upon the nature of the body from which 
the heat radiates, and 2nd, upon the nature of the medium. The 
power of allowing radiant heat to pass through is called diath^ 
macy, 

§ 184. The following list shows the percentage of incident heat 
from different sources which different solids allow to pass through ; 
all the solids being about 0*1 inch in thickness. 

Heat of Eed-hot Copper at Copper at 
Oil-lamp. Platinum. 390° C. 100° C. 

Eock-salt 92 92 92 92 

Carbonate of lime ..39 28 6 

Plate glass 39 24 6 

Alum 9 2 

Sugar-candy 8 

Ice 6 
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§ 185. Gases also possess different powers of transmittmg heat. 
The following Table shows the comparative absorbent power of a 
few gases for heat radiated by copper at 270° C. The gases are 
all under the ordinary atmospheric pressure. 



Atmospheric air 

Oxygen 

Nitrogen 

Hydrogen 



... 1 

... 1 

... 1 

... 1 

Chlorine 39 



Carbonic acid .... 90 

Nitrous oxide .... 355 

Marsh-gas 403 

Olefiant gas 970 

Ammonia 1195 



The further discussion of this point, and the consideration of 
the refraction or breaking of heat, would be out of the purpose of 
this elementary treatise. 
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CHEMISTRY OF THE MORE IMPORTANT 
NON-METALLIC ELEMENTS. 

CHAPTER I. 

General Notions. 

§ 1. Elements, — Every substance, whether solid, liquid, or 
gaseous, consists of one or more substances which are called 
dements. The number of elements at present known is 64. 
Some of these elements are gases, some liquids ; but the greater 
number are, under ordinary conditions, solid bodies. 

§2. If a quantity of matter, such as a lump of sugar, be 
mechanically broken up or pounded, the small fragments are 
found to have precisely the same properties as the original mass. 
They have the same taste, the same colour, the same density, 
the same degree of solubility in water, and the same crystalline 
form as the original sugar. But if the sugar be strongly heated, 
it gives off various vapours and gases, and leaves as a residue a 
black substance called charcoal or carbon. This carbon may be 
heated and acted upon by any physical force in any manner, and, 
if it be alone, that is, excluded from contact with matter of a 
different kind, it will remain unaltered. By no means can it be 
changed in a way at all like the change suffered by the sugar. 
Carbon is called therefore an element of the sugar, or simply an 
element. 

§ 3. In like manner it may be shown that two gases, which 
we shall learn to know as hydrogen and oxygen, may be got out 
of the sugar, and that they also, when separated, are quite unal- 
terable. Further, it is found that if a given weight of sugar be 
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taken and the quantities of hydrogen, oxygen, and carbon which 
can be got from it be weighed, the sum of the weights of the 
three elements is exactly equal to that of the original sugar. 
Hence it follows that only these three elements exist in sugar, 
or that sugar is made of the elements carbon, oxygen, and 
hydrogen. 

§ 4. Any matter is therefore said to be in an elementary state, 
or to be an element, which resists all attempts to extract from it 
(or decompose it into) substances different from one another or 
from the original matter. 

§ 5. All known natural substances have been examined with 
the endeavour to separate from them the elements which they 
might contain or consist of ; in other words, attempts have been 
made to decompose them. Some natural substances have resisted 
all attempts to effect their decomposition; others, like sugar, 
have yielded and been broken up or decomposed into constituents, 
which, like carbon, hydrogen, and oxygen, resist ftirther decom- 
position. In this way the 64 elements have been gradually 
found in nature or artificially obtained from natural compound 
bodies. 

§ 6. The following Table contains the names of all the elements 
at present known. The meaning of the sjrmbols (such as Al) 
and the numbers attached wiU be explained hereafter. 

It will be seen at a glance that a good many of the elementff 
which are metals occur in nature in the elementary state, 
although even these are most frequently impure. 

Table of the Elements, with their Sjrmbols and Combining 

Weights. 



Element. SymboL 

Aluminium Al 

Antimony Sb 

Arsenic As 

Barium Ba 

Bismuth Bi 

Boron B 

Bromine Br 



Combining 
)L Weight. 

27-4 


Element. 
Cadmium ... 


Sjmbol. 
Cd... 


Combining 
Weight 

... 112-0 


1220 


Caesium 


Cs ... 


... 1330 


75-0 


Calcium 


Ca ... 


... 40-0 


137-0 


Carbon 


... 


... 12-0 


210-0 


Cerium 


...... v/6 ... 


... 92-0 


110 


Chlorine 


>..... \^i. AA. < 


... 35-5 


80-0 


Chromium . . . 


Cr .... 


.. 62-6 
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Element. Symbol. 
Cobalt Co... 

Copper Cu ... 

DidTmiuin D ... 

Erbium E ... 

Fluorine Fl ... 

GHucinum Gl ... 

Gold Au... 



Combining 

Weight. 
. 58-7 



,.. 63-5 

,.. 960 

... ? 

... 190 

... 9-3 

,.. 197-0 

Hydrogen H 1*0 



Indium In . 

Iodine I . 

Iridium Ir . 

Iron Fe . 

Lanthanum La. 

Lead Pb . 

Lithium Li . 

Magnesium Mg. 

Manganese Mn. 

Mercury Hg. 

Molybdenum Mo. 

Nickel Ni. 

Niobium Nb. 

Nitrogen N . 

Osmium Os . 

Oxygen O . 

PaUadium Pd. 



740 

1270 

1980 

560 

920 

2070 

70 

240 

550 

2000 

960 

58-7 

940 

140 

199-2 

16-0 

106-6 



Element. Sjmbol. 
Phosphorus P ... 

Platinum Pt ... 

Potassium K ... 

Bhodium Bh... 

Eubidium Bb... 



Combining 

Weight. 
. 3]R) 

. 197-5 

. 39-1 

. 104-4 

. 85-4 



Euthenium Eu 104*4 



Selenium Se 

Silicon Si 

Silver Ag 

Sodium Na 

Strontium Sr 

Sulphur S 

Tantalum Ta 

Tellurium Te 

ThaUium Tl 

Thorium Th 

Tin Sn 

Titanium Ti 

Tungsten W 

Uranium U 

Vanadium V 

i'ttriiun Y 

Zinc Zn 

Zirconium Zr 



79-5 

28-0 

108-0 

230 

87-5 

32-0 

1720 

1290 

2040 

115-7 

1180 

500 

1840 

1200 

1370 

? 

65-2 
89-6 



§ 7. Inversely, it of course foUows that all knowa bodies 
either consist of a single element or are composed of two or more 
elements. 

§ 8. It is also self-evident that an element is the same, from 
whatever source it may be procured ; otherwise, having different 
properties in the two cases, it would be entitled to be considered 
a different element and to bear a distinct name. 

§ 9. Attempts have been and are continually being made to 
construct natural bodies out of the elements of which their de- 
composition has shown them to consist, and also to construct 
bodies unknown in nature by the artificial union of their elements. 
Great numbers of natural substances have thus been imitated, or 
rather artificially reproduced (for the artificially formed substance 

E 
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can in nowise be distinguished from the natural one); and 
immense numbers of substances unknown in nature are being 
yearly discovered. 

§ 10. Since the elements separated from a compound body on 
its decomposition differ from one another and from the original 
substance, it follows that when elements are made to reunite so 
as to form the original body, they, in doing so, must lose their 
characters in such a way that the resulting body differs from 
them all. Such union is called chemical union or chemical 
combination. 

Difference between Chemical Union and Mechanical Mixture, 

§ 11. Two solid substances, such as sand and sugar, may be 
mixed mechanically to any degree of intimacy. But 

{a) By careful examination the particles of sand may be dis- 
tinguished lying amongst those of the sugar ; 

{h) The colour, taste, density, <fec. of the mixture are inter- 
mediate between those of the sugar and sand ; and 

(c) The sugar may be completely separated from the sand by 
dissolving the former out with water. 

Again, the two substances water and salt may be mixed, the 
salt being dissolved in the water. Then 

{d) No examination can show the particles of salt separate 
from those of the water. But 

(e) The taste, density, &c. of the mixture is intermediate 
between those of the salt and of the water ; and 

(/) The salt can be entirely freed from the water by boiling 
the latter away. 

Finally, alcohol and oil of turpentine may be mixed. Then 

{g) The taste, density, &c. of the mixture are between those 
of its constituents ; and 

(h) The alcohol can be separated from the oil of turpentine by 
the addition of water. 

§ 12. The sugar and sand, the salt and water, and the alcohol 
and oil of turpentine are said in such cases to be mechanically or, 
more properly, physically mixed with one another. The marks 
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of physical mixture are then, briefly, the intermediate nature of 
the compound between those of its constituents, and the facility 
with which it may be separated into them *. 

§ 13. Further, when bodies are simply physically mixed, there 
is either no change of temperature at aU, or generally an absorption 
of heat (§§ 98, 99, 1.). 

§ 14. If mixture takes place at all between two bodies, it may 
take place in an infinite number of proportions, though not 
necessarily in all proportions. Thus sand and sugar may be 
pounded together in all proportions. Alcohol and oil of tur- 
pentine may be mixed in all proportions. Salt and water may 
be mixed in an infinite number of proportions, from the weakest 
to the strongest brine ; but not in all proportions. 

§ 15. Elements or compound bodies, when in contact with one 
another, undergo under some circumstances a very much greater 
change than that brought about by their physical mixture. Thus, 
if the solid element carbon be heated in contact with the gaseous 
element oxygen, or in common air (which contains oxygen), the 
carbon gradually disappears, and a gas is formed resembling air — 
that is, colourless and transparent, having no smell, and only a 
feeble taste. The wasting away of the carbon is known in com- 
mon language as its burning or combustion. It is accompanied 
by the liberation of heat and of L'ght. Not only are the con- 
stituent elements, carbon and oxygen, of. the new substance so 
intimately blended as not to be distinguishable from one anothery 
but they cannot be separated by any physical means. The new 
gas has some resemblance to oxygen ; but it instantly suffocates' 
animals immersed in it, and extinguishes burning bodies. It has: 
no resemblance whatever to carbon. This and similar changes 
are instances of chemical union between the elements concerned. 
The two elements are united chemically ; chemical synthesis has 
been performed ; a chemical compound has been produced. 

* If the bodies mixed are identical in nature, as when a pint of water is 
mixed with a quart of water, they cannot by any means be resolved into their 
original parts ; nor could it be ascertained whether this had been effected 
or not. 

e2 
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§ 1(5. Similarly, if the two elements sulphur and iron be heated 
together, they get red-hot, shrink, and a black, porous body 
results, which resembles neither iron nor sulphur; for it has 
very few properties of either. It is a chemical compound of the 
two elements. It can only be melted at a high temperature, is 
destitute of the metallic lustre, is soft and friable, is scarcely at 
aU attracted by the magnet, and resembles outwardly a black 
stone. 

§ 17. Bearing in mind the difference in physical peculiarity 
which is almost always brought about by chemical union, there 
is little difficulty in admitting that the innumerable varieties of 
compound matter met with in nature are the result of the 
chemical union of two or more of the elements already enume- 
rated (§ 6). That such is indeed the case is absolutely proved 
by the possibility of decomposing all known compound bodies 
into two or more of the elements already known. 

§ 18. Further, if in the first instance of chemical union given 
(§ 15) the carbon is weighed before it is burnt, and if it is burnt 
in a great abundance of oxygen, then the weight of the new gas 
formed is exactly and invariably 3*66 times as much as the 
weight of the carbon burnt. But if the carbon be greatly in 
excess of the oxygen employed, the result will be a gas weighing 
only 2*33 times as heavy as the carbon consumed, and having 
very different properties from the gas got with excess of 
oxygen. 

§ 19. Thus if 10 lbs. of carbon is burnt in both cases, the gas 
got in the first case will weigh 36*6 lbs., in the second only 
23-3. Since what is not carbon in the gas is oxygen, it follows 
that the gases are composed as follows : — 

I. 11. 
Carbon 10 Carbon 10 

Oxygen 26-66 Oxygen 13-33 

36-66 23~33 

That is to say, for the same quantity of carbon the second gas 
contains exactly half as much oxygen as the first. If, now, the 
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second gas be heated with an excess of oxygen, it combines with 
again as much, and becomes converted into the first gas. And 
half the oxygen may be extracted from the first gas, whereby it 
is converted into the second. These two gases have very dif- 
ferent properties, and may be easily separated from one another. 
If a quantity, say, 10 lbs. of carbon, be heated with more than 
13'3 and less than 26*6 of oxygen, some of each kind of gas 

will be formed. But — r= — > and — ;-= — exactly. 

13-3 16 26-6 32 

§ 20. Hence it appears that there are two chemical compounds 
possible between carbon and oxygen, different in nature accord- 
ing to the proportion between the two elements, and that if there 
be the same quantity of carbon, the oxygen of the one bears a 
very simple relation to the oxygen of the other ; namely, — 

A. B. 
Carbon 12 Carbon 12 

Oxygen 32 (=2x 16) Oxygen 16 

§21. It is found that whenever oxygen and carbon unite 
chemically, whether alone or in presence of other elements, the 
proportion between the carbon and the oxygen is invariably that 
of 12, or some multiple of 12, to 16, or some mvltiple of 16. 

^22, In the second instance of chemical union given (§ 16), 
according to the quantities of iron or of sulphur present, chemical 
compounds of iron with sulphur are formed, differing from one 
another, not of course in the nature of, but in the proportion 
between the elements. Thus the following bodies are known : — 

(1) (2) (3) 

Iron 56 Iron 56 Iron 392 (=7x56). 

Sulphur. . . 32 Sulphur ... 64 (= 2 X 32) Sulphur ... 266 ( =8 X 32). 

All these bodies contain the iron and sulphur in the proportion 
of 56 to 32, or some multiple of 56 to some multiple of 32. 

§ 23. The main differences between a chemical compound and 
a mixture are then as follows ; — 
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In a chemical compound, 

(a) The compound differs in phy- 
sical properties from all its consti- 
tuents. 

{b) A compound generally cannot 
he easily decomposed or separated 
into its constituent elements. 

(c) The union of elements chemi- 
cally is attended by the liberation of 
heat. 



(d) A single chemical compound 
always contains its constituents in 
certain fixed proportions by weight, 
or in multiples of those proportions. 



In a physical imxture, 

(a) The mixture resembles one or 
other constituent according to their 
relative quantities. 

{b) The mixture can generally be 
easily separated into its constituent 
elements. 

(c) The physical mixture of bodies 
is not attended by the liberation of 
heat, unless change of state is pro- 
duced (I. § 140). Often heat is ab- 
sorbed, or cold produced. 

{d) When two bodies mix at all, 
they may be made to do so in an in- 
finite number of proportions. 



CHAPTER II. 
Atomic hypothesis. Combination by Weight and by 

YOLITME. EqTJITALENTS. 

§24. In order to explain the reason why elements should 
unite with one another only in definite proportions, recourse is 
had to an hypothesis or theory, called the Atomic Theory. It is 
supposed that every element consists of exceedingly small par- 
ticles or atoms, of unknown shape, size, distance from one another, 
and absolute weight, but all in the same element precisely alike. 
Each of these atoms is indivisible and unalterahle. In solids and 
liquids they are held together by a force called cohesion ; in gases 
this force does not exist. Though the actual weight of a single 
atom of any one element is unknown, the relative weights of the 
atoms of two elements may be known, provided we know the 
relative number of atoms of the elements which imite to form a 
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chemical compound, and the weight of the quantities of the two 
combined elements. 

Thus (§ 20) if the one gas, A, resulting from the union of 12 
parts by weight of carbon with 32 parts by weight of oxygen 
consist of twice as many atoms of oxygen as of carbon, it follows 
that the weight of an atom of carbon is to that of an atom of 
oxygen as 12 is to 16. The gas may be supposed to be repre- 
sented as in the margin. The circles marked 12 ^-n. ^-n. ^ 
represent the atoms of carbon, those marked 16 ^ ^ ^' 
represent the atoms of oxygen. Whatever quan- (le) (12) (le) 
tity of such a gas be taken, the relative quantity ^^^ 
of the elements is clearly as 12 to 32. ® ® ^S) 

In the gas B, which contains only half as much oxygen for the 
same weight of carbon as A, it is supposed that 
there are only half as many atoms of oxygen as (iy (jj) Qj) 
in the first diagram. Here whatever quantity of /j^ rjjv /^ 
gas is taken, the proportion between the elements ^^ ^^ ^^ 
is always as 12 to 16. 

§ 25. Similarly, in the instance of sulphur and iron (§ 22), the 
first is supposed to contain equal numbers of atoms, so that the 
weight of an atom of iron is to the weight of an atom of sulphur 
as 56 is to 32. The second compound contains 2 atoms of sul- 
phur to 1 of iron ; the third contains 8 atoms of sulphur to 7 of 
iron. 

(1) (2) (3) 



32) (32) ^56) (32) (32) (56) (32) (56) (^ ^66) ^32) (56) (32 
@ (32) (66) @ (56) @ (56) 

The atomic weight of iron is said to be 56, that of carbon is 12, 
that of sulphur is 32, that of oxygen is 16. 

It must be borne in mind that it is entirely a matter of guess 
and convenience when it is affirmed that the gas A contains two 
atoms of the one element to one atom of the other. There is no 
evidence whatever to prove that such is the case ; and, indeed, in 
many similar oases the opinions of chemists dificr. 
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§ 26. The simplest atomic relation in which two elements can 
combine is atom for atom. Thus the two gaseous elements, 
hydrogen and chlorine, unite with one another only in the pro- 
portion of 1 part by weight of hydrogen to 35*5 of chlorine. It 
is supposed that the atom of chlorine is 35*5 times as heavy as 
that of hydrogen, and that, when they xmite, equal numbers of 
atoms combine. 

§ 27. The cause of elements uniting chemically is referred to 
a force called chemical affinity, or simply affinity. Chemical 
affinity can of course only take effect between different matter 
in actual contact ; and in the case of bodies which do not mix, 
it can only act at the points or surface of contact. 

§28. When two bodies mix completely, as salt and water, 
the atoms of the bodies simply mutually interpenetrate, and in 
most cases the atoms of each body separate further from one 
another than they were before. When they unite chemically, 
there is an approaching of the atoms of the one body towartr 
those of the other, although this does not necessarily make the 
volume of the compound less than that of the sum of the volv 
of the constituents. Thus, let there be two elements a and 6. 
We may imagine their atoms, separate, mixed, and combined, to 
be respectively as follows : — 

Separate Elements. Mixed Elements. Combined Elements. 



.^A^ 



y N /• N /- 

aaa bbb ababab ababab 

aaa bbb bababa bababa 

aaa bbb ababab ababab 

The approach of the atoms is accompanied by a liberation of 
heat ; and the closeness of their union hides the properties which 
each has in the separate state. 

§ 29. The function of elements in the material world may be 
aptiy compared to that of letters in a language. 
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(a) There are 26 letters in the 
alphabet. 

(b) A letter may stand by itself 
and have a definite meaning. 

(c) No single letter can be divided 
so that its parts have any meaning. 

(d) Letters and syllables may be 
joined together and produce no mean- 
ing. 

(e) Letters and syllables may be so 
arranged as to produce words having 
a distinct sense. 

(/) Words spelt nearly alike may 
have very different meaning. 

&c. 



(a) There are 64 elements in na- 
ture. 

(b) Each element may be alone 
and form a substance of definite 
property. 

(c) No element can be decomposed 
into separate elements. 

(d) Elements and compounds may 
be mixed without producing any defi- 
nite compound. 

(e) Elements and compounds may 
be so united as to produce bodies 
having a definite nature. 

(/) Compounds nearly the same in 
kind and quantity of their elements 
may differ very widely in properties. 

&c. 



§ 30. The theory of atoms is convenient, and its use often 
saves circumlocution ; but it is to be remembered that there is no 
direct evidence of its truth beyond the convenience arising from 
its adoption. 

§ 31. The fact, however, is thoroughly established that, whether 
owing to the existence of atoms or not, elements combine with 
one another in definite proportions by weight. These proportions 
are called the Combining proportions or combining weights of the 
elements. Thus, taking the elements already mentioned, sulphur, 
carbon, oxygen, and iron : — 

12 parts by weight of carbon unite with 2 x 16 parts of oxygen, 
32 „ „ sulphur „ 56 „ iron. 

Further, it is found that 

12 parts by weight of carbon unite with 2 x 32 parts of sulphur, 
32 „ „ sulphur „ 2x16 „ oxygen. 

If, therefore, the body consisting of 12 carbon and 2x16 oxygen 
be decomposed, and the resulting carbon be made to combine with 
sulphur, so that the new body consists of 12 carbon and 2 x 32 
sulphur, the 2x16 oxygen have been replaced by 2 x 32 sulphur, 
or 16 oxygen by 32 sulphur; a body is thus got very similar to 

£ 5 
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the original one. The 32 sulphur are said to replace the 16 
oxygen, to play a similar part with regard to the carbon, to be 
equivalent to them. 

Similarly, the compound 56 iron and 32 sulphur may have its 
32 siilphur replaced by 16 oxygen. The 16 oxygen is equivalent 
to the 32 sulphur. Again, the body 12 carbon and 2 x 16 oxygen 
may have its 12 carbon replaced by 32 sulphur. 

§ 32. Hence the numbers 32, 56, 16, 12 are called sometimes 

the Equivalents of sulphur, iron, oxygen, and carbon respectively ; 

and such a body as sulphur 32 with oxygen 2x16 is said to 

contain two equivalents of oxygen, &c. It is therefore seen that 

the Atomic weight, the Combining proportion by weight, and the 

Equivalent of a body have nearly the same meaning. All three 

expressions are objectionable, being often limited in their meaning. 

We shall generally use the term equivalent — it being, however, 

always remembered that no quantity of one element can be in the 

fullest sense equivalent to a quantity of another element, because 

the substitution of one element for another in a compound always 

produces some change in the physical and chemical properties of 

the compound; no two bodies perfectly resemble one another 

which contain different elements. Thirty-two parts by weight 

of sulphur are chemically equivalent to sixteen of oxygen, in the 

same sense that a gold sovereign is commercially equivalent to 

twenty silver shillings ; and as each of the sums of money may 

be exchanged without loss for one another or for one and the 

same quantity of goods, so may the thirty-two parts by weight 

of sulphur be exchanged for sixteen of oxygen, or either may be 

exchanged for twelve of carbon or fifty-six of iron. 

§ 33. It is clear that the combining proportions, atomic weights, 
or equivalents have only a relative magnitude; that is, if 32 
sulphur unites with 12 carbon to form a definite compound, then 
the same compound, though less of it, will be formed if 16 
sulphur unites with 6 carbon, or if 8 sulphur unites with 3 
carbon &g. 

Just as in determining the specific gravities of bodies (see 
Natural Philosophy), or their specific heats (§ 78, 1.), we took at 
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will some convenient substance (water) as a standard of compari- 
son and considered its specific gravity or specific heat as unity, so 
some element is selected whose equivalent is easily compared with 
those of other elements, and this equivalent is taken as unity. 

It is now almost universally agreed to take the equivalent of 
the element hydrogen as unity. The equivalent of hydrogen is 
less than that of any known element. If 1 lb. of hydrogen 
unites with chlorine, 35*5 lbs. of chlorine are required ; if with 
oxygen, 8 lbs. are sufficient ; if with sulphur, 16 lbs., and so on. 
The equivalents of oxygen, sulphur, and chlorine would therefore 
be 8, 16, and 35'5, if, the equivalent of hydrogen being 1, in 
all three cases the elements united atom for atom; but, for 
reasons which will be given, it is supposed that two atoms of 
hydrogen are concerned in aU these cases, with the exception of 
chlorine. Hence the equivalents of oxygen and sulphur are 16 
and 32 respectively, that of chlorine being 35-5. It is evident 
that if the equivalent of any other element were taken as unity, 
or indeed as any arbitrary number, the equivalents of all the 
elements would still bear the same proportion to one another, 
although expressed by different numbers. Sometimes the equi- 
valent of oxygen is taken as 100. The resulting numbers for the 
equivalents of the other elements become then inconveniently 
large and difficult to remember. We shall take the equivalent of 
hydrogen as 1, and adopt the equivalent numbers given in § 6. II. 

§ 34. Combination hy volume, — It follows from Boyle's law 
and from § 18, 1., that if any two gases or vapours have a definite 
relation to one another by volume at any one pressure and tem- 
perature, they will still bear the same proportion at every other 
pressure and temperature, provided, in the case of vapours, no 
liquefaction takes place. 

§ 35. If such volumes of two gases are taken that, when mixed 
and united chemically, nothing of either is left, the original 
volumes are found to bear a very simple relation to one another. 
Or if a body which is a chemical compound of combined gases 
be decomposed, the volumes of gas of the different elements are 
related very simply to one another. Thus, in order that the two 
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gaseous elements chlorine and hydrogen may unite completely, 
we must take exactly equal volumes of them ; or if the compound 
of chlorine and hydrogen be decomposed, equal volumes of the 
gases are obtained; but the weight of chlorine required to 
combine with any quantity of hydrogen is 35*5 times as great as 
the weight of the hydrogen ; hence the one volume of chlorine 
weighs 35*5 times as much as the one volume of hydrogen. The 
density of chlorine compared with hydrogen is 35*5, or is the 
same as the equivalent of chlorine. 

If equivalent weights of the two gases, hydrogen and oxygen, 
be taken — that is, if the weights of the two gases are in the 
proportion of 1 to 8 or 2 to 16, it is found that the volume of 
the hydrogen is exactly twice as great as that of the oxygen ; in 
other words, the density of oxygen is exactly 16 times that of 
hydrogen. Inversely, if the compound of oxygen with hydrogen 
(which is water) be decomposed, for every cubic inch of oxygen 
obtained there will be two cubic inches of hydrogen. 

The relation is shown in the following figure : — 

Hydrogen. Chlorine. Hydrogen. Oxygen. 



imit of weight. 



36-6 
imits of weight. 



miit of weight. 



imit of weight. 



16 
onitB of weight 



In all cases in which gaseous elements or compound gases unite, 
they are found to do so in very simple proportions with regard 
to volume, as in the above cases, as 1 to 1 or 1 to 2 (or 2 to 1). 
This is equivalent to the fact that there is always a simple 
numerical relation between the equivalent of a gaseous element 
and its specific gravity, referred to hydrogen as unity, or (recur- 
ring to the atomic theory) that in equal volumes of any two gases 
there are the same number of atoms of each element. 
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§ 36. Again, if the gaseous element nitrogen unites with 
hydrogen, it is found that exactly three volumes of hydrogen are 
required to unite with one volume of nitrogen. 

Hydrogen. Nitrogen. 



or 



Hence we have three distinct cases : — 

1 volume of chlorine unites with 1 of hydrogen, 

1 „ oxygen „ 2 

1 „ nitrogen „ 3 

1 volume of hydrogen unites with 1 of chlorine, 



J) 



» 



1 
1 



}> 



f> 



99 



99 



99 



99 



I of oxygen, 
^ of nitrogen. 



H 




H 



H 




CI 



Keferring to the notion of equivalence, 
if two equal volumes of hydrogen be 
taken, half the hydrogen, or 1 vol., may 
be exchanged for and replaced by 1 vol. 
of chlorine or J vol. of oxygen or ^ vol. 
of nitrogen, as in figure. Or 

The equivalent volume of hydrogen 
being taken as unity. 

The equivalenc volume of chlorine is 1, 

oxygen is ^, 
nitrogen is ^. 

§ 37. When equal volumes of gaseous 
elements unite, the volume of the result- 
ing vapour or gas is generally equal to 
the sum of the volumes of the separate 
gaseous elements. 

"When one volume of one gas unites 
with two volumes of another, the gases 
on uniting usually contract to two volumes, or to the volume of 
the gas which had the greater volume. 



99 



99 



)J 



99 
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When one volume of one element nnites with three of another, 
the resulting compound has generally two volumes. 



I. 



~>v 



y^ 



n. 



^ 



Before After 

combination, combination. 



Before 
combination. 



After 
combination. 



H 



B 




AB 



C 


D 




CD 



III. 



Before 
combination. 



After 
combination. 



H 



F 




EP 



§ 38. The specific gravity or density of compound gases, com- 
pared with hydrogen, may therefore be readily found if we 
know the volumes of the elements which combine and the con- 
traction, if any, which they undergo in uniting. 

Thus, in comparison with hydrogen, the density of the com- 
pound resulting from the union of equal volumes of hydrogen and 

35*54-1 

chlorine, without contraction, is ^ — =18-25. The density 

of the gas resulting from the union of two volumes of hydrogen 
with 1 volume of oxygen and contraction to two volumes is 

— ^ — = 9. (This gas is the vapour of water.) The gas resultbg 

from the union of three volumes of hydrogen with one volume 
of nitrogen and contraction to two volumes has the density 

— 2-=8-5. 

§ 39. The specific gravity of gases is often referred to atmo- 
spheric air as unity. Air is 14*5 times as heavy as hydrogen. 
To get the specific gravity of a gas referred to air from that of it 
referred to hydrogen, we must therefore divide by 14-5. Referred 
to air, therefore, the first of the gases mentioned in § 38 has the 
density 1*260 ; the second has the density 0'621 \ the third has 
the density 0-586. 



ATOMIC HYPOTHESIS. 87 

§ 40. "No simple relation has been found between the volumes 
of liquid or solid elements which are necessary to combine with 
one another. The same solid element may frequently have different 
densities; that is, the same volume of it may contain various 
quantities of solid matter: further, the expansion of solid and 
liquid matter by heat is by no means regular, like that of gases 
(see Part I.) ; so that a volumetric relation at one temperature 
does not hold good at another. 

§ 41. But elements which in the separate state are only known 
as solids or liquids, may exist in the gaseous state when in union 
with gas. Thus carbon, a fixed solid, forms, when in union with 
oxygen, as has already been mentioned (§ 20), a gas consisting 
of 12 parts by weight of carbon tu 32 of oxygen. This gas, when 
analyzed, gives rise to a volume of oxygen equal to that of the 
original gas. The density of this gas is found by experiment to 
be 22. The density of oxygen is 16. If now one volume of carbon 
vapour weighing 12 were to unite with one volume of oxygen 
weighing 16 without condensation, the result would be two 
volumes of a compound weighing 28, or having the specific 
gravity 14. But if the two volumes of oxygen (weighing 32) 
were to combine with one of carbon (weighing 12), and if the 
three volumes were to contract in combining to two, the result 
would be a gas having the density of the one actually found, 
namely, 22. Hence it is supposed that, if carbon could exist in 
the separate state as a vapour, it " would have " the density 12. 
Hence 12 is called the hypothetical density of carbon vapour. 
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CHAPTER in. 

Symbols and Nomenclature. 

§ 42. The elements (Table, pages 72, 73) have been discovered 
at various times; by far the greater number within the last 
hundred years. Bodies such as sulphur, carbon, copper, and 
many of the metals were known long before it was known that 
they were elements, and, indeed, before the present meaning of 
element was conceived. 

The familiar names by which they were known are retained. 
As other elements were discovered, some real or supposed peculi- 
arity of their nature was made use of in giving them names. 
Such peculiarity was sometimes connected with the physical 
property of the body*, or the source whence it was gotf, or some 
chemical property J. 

§ 43. Symbols, — ^We have already experienced some of the in- 
convenience which arises from writing the names of the elements 
in full. To obviate this they are represented by the initial letters 
of their names. But as there are more elements than there are 
letters in the alphabet, it is necessary in some cases to affix to the 
initial letter some other letter out of their names. Thus carbon, 
chlorine, cadmium, calcium, chromium, all commence with C. The 
first is represented by the symbol C, the second by CI, the third 
by Cd, the fourth by Ca, the fifth by Cr, &c. In many cases the 
Latin names of metals are used, and the initial and other letters are 
employed as symbols. Thus copper (or cuprum) has the symbol 
Cu, Lead (or plumbum) has the symbol Pb, Silver (argentum) 
the symbol Ag, &c. As the Latin names of the metals end in um, 
newly discovered metals have for the sake of uniformity received 
the same termination, as cadmium, thallium, &c. 

§ 44. The symbols such as H and CI, used alone, express simply 
an indefinite quantity of those elements. When two elements 

* As bromine, from bromos, a stink. 

t As potassium from potashes or potash. 

\ As oxygen, from oan/Sy sour. 
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unite to form a chemical compound, the compound is represented 
by the symbols of its elements put side by side. Thus HCl re- 
presents a compound of hydrogen with chlorine. But we have 
before seen that whenever hydrogen and chlorine unite, they do 
so in the proportion of 1 to 35*5. Hence the symbol HCl does 
not only mean a compound of hydrogen with chlorine, but it also 
expresses that for every 1 unit of weight of hydrogen there are 
35*5 of chlorine. Similarly, the body consisting of 12 carbon and 
64 or 2 X 32 sulphur, is represented by CSS, C2S, CSS or CS, ; 
the last is the symbol most convenient in use and the one we 
shall employ. Again, there are two combinations of carbon with 
oxygen, namely, 12 carbon to 16 oxygen, and 12 carbon to 32 
oxygen (or 2x 16). The first is represented by CO, the second 
by COj. In like manner, the compounds of sulphur with iron 
(§§ 16, 22, 25) are represented by the symbols FeS, PeS^, Fe^S^. 
A compound symbol, or symbol of a compound, is called the For^ 
mula of the compound. 

§ 45. Further, a numeral placed in the same line as the for- 
mula implies a multiplication by the numeral of all the subsequent 
symbols, as far as some mark, comma or bracket, or, wanting this, 
to the end of the formula. Thus the body alcohol contains and 
consists of carbon, hydijogen, and oxygen. Its simplest for- 
mula is C^HgO. It may also be written O2CH3, or C^H^HO, 
and in a variety of other ways. The first of those formulae, 
CjHgO, which merely expresses the simple numerical relation 
of the equivalents, is called the Empirical formula ; the others, 
which pretend to show something of the arrangement of the 
elements, knowledge of which may be gathered from the synthesis 
or analysis of alcohol, are called Rational formulae. 

§ 46. When difierent bodies are to be represented as existing 
together for any time without chemical change, as when two 
bodies are placed together in order that they may react upon one 
another, their symbols or formulae are joined by the sign -h . So, 
when a chemical action, either synthesis or analysis, gives rise 
simultaneously to different bodies, the symbols or formulae of the 
products are also connected by the sign + • 
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The chemical change which takes place is shown by an equation 
whose sides are respectively the symbols or formulaB of the bodies 
before and after the chemical change. Thus : — 

C + = CO 

C + 20 = CO, 

2C + 30 = CO + CO, 

(Sugar) C,,0,,H,, = 12C + 11H,0, &c. 

§ 47. Since matter cannot be destroyed nor elements trans- 
formed into one another, it follows that there must always be the 
same number of equivalents of each element after as before the 
chemical change has taken place. 

§ 48. It is sometimes convenient to employ the sign — in ex- 
pressing a decomposition. Thus 

C,H,0, - H^ = CO + CO,. 

Such an equation is of course equivalent to 

C,H,0, = H,0 ^. CO + CO,. 

But the first equation shows that the withdrawal of H,0 from 
C^HjO^ gives rise to CO and CO,, which is the fact ; the second 
might imply that Cflfi^ were made out of ^,0 and CO and 
CO,, which may be the case, but has not yet been done. 

We shall henceforth make free use of the symbols of the ele- 
ments instead of their names; and the student should at once 
familiarize himself with them. They are all found in the Tahle, 
pages 72, 73. 

§ 49. Nomenclature, — The elements divide themselves naturally 
into two classes, the metals and the non-metallic elements. The 
former is by far the most numerous. The principal characteristics 
of a metal with regard to appearance are its opacity and the great 
perfection with which a smooth surface of it reflects light. These 
properties combined, constitute what is called the metallic lustre. 
Metals in the solid state have different densities, varying from 
that of the heaviest known body (an alloy of osmium and iridium, 
sp. gr.=22*6) to a density less than that of water (lithium 
= 0*594, being the lightest known solid). All metals may be 
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melted ; but mercury is the only unmixed one known in the liquid 
state at ordinary temperatures. Several (probably all) metals 
may be converted by heat into vapour, and in that state appear 
as colourless transparent gases, exactly resembling permanent or 
hitherto uncondensed gases ; so that if some of the permanent 
gases could be liquefied or solidified, they might be found to have 
the metallic lustre. One great character of the metals is that 
they may all, in the liquid state, be mixed with one another, 
forming alloys ; but they all refuse to dissolve in the non- metallic 
elements or their compounds, unless they first unite chemically 
with one or more of them. 

§ 50. Of the remainder of the elements, the non-metallic ones, 
a few, 0, H, N, and perhaps Fl*, are permanent gases; that is, 
they cannot be condensed by cold or pressure into liquids or solids. 
One, chlorine, CI, is under ordinary circumstances a gas, but can 
be condensed to a liquid. Bromine, Br, is usually a liquid, but 
is easily converted into gas by gaining heat, and into a solid by 
losing it. The rest are more or less easily liquefiable and vapo- 
rizable solids, with the exception of carbon (C), boron (Bo), and 
silicon (Si), which cannot be volatilized or melted when alone. 

There are certain elements, such as arsenic (As), which resemble 
the metals proper in metallic lustre, insolubility, &c., but which 
are like the non-metallic elements in several of their chemical 
properties. 

. § 51. Beyond the metals proper, whose chemical names all end 
in um, the only systematic termination borne by the elements 
which shows similarity of property is ine, as in chlorine, bromine, 
&c. The elements oxygen, hydrogen, nitrogen, which all end in 
gen, have little chemical relationship, though as gases they have 
some physical similarity. 

§ 62. When two elements unite together chemically, a compound 
name is given to the resulting body, a name made up of the 
names of the elements which the body contains. Thus CO is 
called the oxide of carbon, FeS the sulphide of iron, and so on. 

"When two elements unite with one another in more than one 

* The properties of elementary fluorine arc not yet fully established. 
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proportion, a corresponding variation is made in the name, Latin 
or Greek numerals being often employed. Thus 

CO is called oxide of carbon (or carbonic oxide). 
CO^ „ binoxide of carbon (or carbonic acid). 

FeO „ oxide of iron. 
FcPg „ eesquioxide of iron (1 to 1|). 
FCgO^ „ four-thirds oxide of iron. 



CSjj „ bisulphide of carbon. 

PCI3 „ ter chloride of phosphorus. 
PCI5 „ pentachloride of phosphorus. 

When the compound body consists of a metal or hydrogen 
united with a non-metallic body, it is usual to write the symbol 
for the metal towards the left hand, and to attach the ending idf 
to the name of the non-metallic element. This is a matter of 
choice, and is not invariably adopted. Thus 

FeO, oxide of iron, might be written OFe, ferride of oxygen. 
CS^, bisulphide of carbon, might be written S^C, carbide of sul- 
phur. 

§ 53. The compound of two elements which consists of equal 
numbers of their equivalents is generally distinguished by the 
prefix prot{o) or mon{o). 

Thus FeO is the protoxide of iron. 
„ CO „ „ carbon. 

„ FeS „ protosulphide of iron. 

§ 54. If a metal unites with a non-metallic element in such a 
way that there is more than one equivalent of the metal for every 
equivalent of the other element, the prefixes di or suh are often 
used. Thus 

CuO is the oxide of copper or protoxide of copper. 
CUjjO is the suboxide of copper or dioxide of copper. 

§ 56. Sometimes the prefixes hyper or per are used to denote 
an excess of the non-metallic element, and the prefix hypo a 
deficiency of it beyond a certain quantity. 
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§ 56. The terms used by different chemists for the same sub- 
stance are often different according to the different views they 
take of the rational composition of it (see § 45) ; and in very 
many cases the discovery of new compounds has made the names 
given to the previously known ones inconsequent. The nomen- 
clature bears the marks of the history of the science, and is a 
compromise between new and old views. The names of the few 
bodies which we shall have to consider will be easily acquired as 
we proceed. 



CHAPTER IV. 

Acids, Bases, and Salts. 

§ 57. Many compound bodies, consisting of two or more ele- 
ments, hold one of those elements so loosely that it can be with- 
drawn and replaced by another element, the remaining elements 
of the original compound resting undisturbed. The newly intro- 
duced element can also be replaced by another, and so on. This 
is especially the case with a large class of substances containing 
hydrogen, and which are called adds. Such substances usually 
have, when soluble, a peculiar sour taste, similar to that of lemon- 
juice or vinegar. They have also the power of changing the 
colour of certain vegetable colours, turning red such as are blue. 
The term acid is also frequently, but somewhat improperly, applied 
to bodies which do not contain hydrogen or other replaceable ele- 
ment, but which, when united with, or even in presence of, water,^ 
cause the hydrogen of the water to be replaceable by a metal or 
similar body*. Examples of such bodies are CO.^, SO^, &c. 

* We shall find that a group or compound of non-metallic elements may 
play the same part chemically as a metal. 



94 NON-METALLIC CHEMISTRY. 

Examples of acids are : — 

HCl. Hydrochloric acid or chlorhydric acid. It is also 
called muriatic acid, and is the chloride of hy- 
drogen. 
H^S. Hydrosulphuric acid or sulphydric acid. It is 
also called sulphuretted hydrogen, and is the 
sulphide of hydrogen. 
HXO3. Nitric acid ; also called aqwifortis, 
H^SO^. Sulphuric acid ; also called oil of vitriol. 
HCIO,. Chloric acid. 
H^O -h CO,^. Carhonic acid and water. 

The hydrogen of each of these bodies may be replaced by a 
metal, as potassium, zinc, silver. Thus 

I. n. 



omHCl 


may be 


got KCl, 


or ZnCl,, 


or Aga. 


,, H,8 


j> 


K,S, 


or ZnS, 


or Agj^S. 


„ HiVO, 


>> 


KNO3, 


or Zn2(N03), 


or AgNO, 


„ H,SO, 


ij 


K,SO„ 


or ZnSO,, 


or Ag^SO,. 


„ HCIO, 


» 


KCIO3, 


or Zn2(C103), 


or AgC103. 


., H,0,CO, 


» 


K,C03, 


or ZnC03, 


orAg^CO,. 



§ 58. When the hydrogen of an acid has been thus replaced by 
a metal or similar body, a salt is obtained. Thus all the bodies 
in II. are salts. A salt may therefore be defined as an acid whose 
hydrogen has been replaced by a metal. It is clear that if the 
metal of a salt be replaced by a second metal, the same salt is got 
as if the hydrogen of the corresponding acid had been replaced 
by the second metal. A salt may be easily, difficultly, or not at 
all soluble in water. Of the above examples the following are 
insoluble : ZnS, ZnCOg, AgCl, Ag^S, Ag.^COg. Sparingly soluble is 
Agj^SO^ ; all the rest are readily soluble in water. Soluble salts 
have a peculiar taste called saline, and resembling that of table- 
salt, but modified both by the nature of the metal and of the non- 
metallic part. They are generally solid bodies, and frequently 
consist of crystals having a very distinct shape, called the 
" crystaUine form." 



ACIDS^ BASES^ AND SALTS. 95 

§ 59. The physical properties of salts, such as their crystalline 
form, colour, degree of solubility in water, &c. are often so cha- 
racteristic as to be used in determining what metal is present, 
or, if this be known, in finding the non-metallic or acid part. 

§ 60. Salts, even when soluble in water, often take no effect 
upon vegetable colours, and are then said to he physically neutral. 
Sometimes only half or other fraction of the hydrogen of an acid 
is replaced by a metal. When this is the case a chemically add 
salt results. Such a salt, if soluble in water, generally, but by 
no means invariably, is also physically acid. 

§ 61. It is clear that if any of the above acids which contain 
water have that water replaced by a metallic oxide, the same salt 
is got as when the hydrogen is replaced by the simple metal. 
Thus, 

KNO^ may be got from 2(H]Sr03) by replacing H^O by Kfi, 
Ag,SO, „ H,SO, „ „ Agfi, 

and so on. If, in fact, oxide of potassium be added to nitric 
acid, water is liberated and the above salt is formed ; or if oxide 
of silver is added to sulphuric acid, it replaces the water. This 
is shown in the following equations : — 

2(HN03) -h Kfi = 2(KN0^) + H,0. 
H,SO, + Ag,0 = Ag,SO, + H,0. 

§ 62. In such a reaction, therefore, from an acid, by the ad- 
dition of a metallic oxide, we get a salt. The metallic oxide 
neutralizes the acid. A body, very often an oxide, which thus 
takes the place of water in an acid, liberating and replacing the 
water and neutralizing the acid, is called a Base. The oxides of 
aU metals are bases. 

§ 63. When such a body as H^S or HCl is acted on by a metallic 
oxide, the sulphide, chloride, &c. of the metal is generally formed, 
and water is also produced. 

H,S + Ag,0 = Ag^S + H,0. 
2(HC1) + Na^ = 2(NaCl) + H,0. 

On account of their forming salts (Ag^S, NaCl, &c.) with 
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metallic oxides, such bodies as HCl and H^S are called acids, 
although, unless in the presence of water, they are physically 
neutral. 

§ 64. When more than one equivalent of a base combines with 
one equivalent of an acid, displacing one equivalent of water, the 
salt formed is called a basic, or sometimes a ^t^salt. 

§ 65. It is evident that the more soluble a metallic oxide is 
in water, the more readUy will it neutralize an acid. Those 
metallic oxides which are the most soluble in water are called 
alkalies, and their solutions are called alkaline. The metals which 
such alkalies contain are called alkaline metals. The chief of these 
are potassium and sodium. An alkali, therefore, is a very soluble 
base. 

§ 66. Several acids, especially volatile ones, are readily expelled 
from their bases. It follows that salts of those acids, especially 
such as are soluble in water, neutralize acids just as free bases 
do. Thus 

H^SO, + N-a,C03 = H,0 + CO, + Na^SO,. 

Such salts (as Na^COg) are called alkaline salts because, like free 
alkalies, they turn blue vegetable colours reddened by acids. 

§ 67. The names given to the various acids are formed some- 
what in the same manner as those composed of two elements, or 
binary compounds. If, as frequently happens, two non-metallic 
elements unite in various proportions, more than one of the com- 
binations, in presence of water, has acid properties. Thus P and 
unite in two proportions, P^Og and P^Og ; each of these combines 
with water and forms an acid. 

P,0, + 3H,0 = 2(H3P0,). P,0, + 3H,0 = 2(H,P0J. 

Phosphorous Phos^horio 

aoid. aoid. 

The name of the first ends in oiw, that of the second in ic. 
And in all cases the termination oics implies a less quantity of 
oxygen than is contained in the corresponding acid whose name 
ends in ie. Thus 

HjSOg is sulphurous acid. 

HjjSO^ is sulphuric acid. 
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§ 68. Frequently more than two combinations of two elements 
are acids. Thus the body P^O has acid properties. A name 
is given to it expressing that it contains less oxygen than phos- 
phorous acid does ; it is called hypophosphorous acid. So four 
of the oxides of chlorine in combination with hydrogen are acids. 

HCIO, hypochlorous acid. 
HClOj, chlorous acid. 
HCIO3, chloric acid. 
HC10_j, perchloric acid. 

§ 69. When water is taken from an acid, or metallic oxide 
from a salt, neither the one nor the other being replaced, or if in 
any other way a body is got which would form an acid if it com- 
bined with water, or wovld form a salt if it combined with a base, 
that body is called an anhydrous acid, or simply an anhydride ; 
thus 

SOj is anhydrous sulphurous acid or sulphurous anhydride. 
SO3 „ sulphuric acid or sulphuric anhydride. 

NjOg „ nitric acid or nitric anhydride. 

COj „ carbonic acid or carbonic anhydride. 

§ 70. The nomenclature of salts stands in a very simple rela- 
tion to that of acids. An acid containing oxygen whose name 
ends in ic forms salts whose names end in ate. An acid con- 
taining oxygen whose name ends in ous forms salts whose names 
end in ite. Thus 

HjSO^, sulphuric acid, forms ZnSO^, sulphate of zinc. 
HjSOg, sulphurous acid, „ CuSOg, sulphite of copper. 
HCIO4, perchloric acid, „ Ba2(C10^), perchlorate of barium. 
HCIO3, chloric acid, „ AgClOg, chlorate of silver. 

HCIO^, chlorous acid, „ Pb2(C10J, chlorite of lead. 

HCIO, hypochlorous acid, „ Hg2(C10), hypochlorite of mercury. 

§ 71. It is evident therefore that acids are salts of hydrogen 
— that sulphuric acid is, for instance, the sulphate of hydrogen, 
nitric acid is nitrate of hydrogen, &c. Acids are hydrogen salts. 
Anhydrous acids or anhydrides may eitlier combine with water, 

F 
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and 80 form true acids, or with metallic oxides, and so form 
metallic salts. 

§ 72. Acids which do not contain water, such as hydrochloric 
acid, HCl, hydrosulphuric acid, H^S, when they comhine with bases, 
form of course chloride and sulphide, &c., of the metal (§ 63). 

§ 73. Many metals, such as magnesium, calcium, potassium, 

sodium, &c., rarely occur in the uncombined state. They were 

long known as oxides, and names were given to the salts which 

those oxides formed with acids. Such names are often retained. 

Thus 

KjSO^ is frequently called sulphate of potash. 

CaSO^ „ sulphate of lime. 

^^^3 7' carbonate of magnesia. 

Such names are not quite systematic ; these salts should be, and 
often are, called sulphate of potassium, sulphate of calcium, 
carbonate of magnesium. 

§ 74. Many compound bodies, besides their chemical names, 
have familiar ones which are sometimes conveniently used for 
brevity. Such are water (oxide of hydrogen), saltpetre or nitre 
(nitrate of potassium), litharge (oxide of lead), lime (oxide of 
calcium), &c. 

The method of symbolization and nomenclature will become 
familiar as the following chapters are studied. 



CHAPTER V. 

Oxygen. 

Symbol, 0. Equivalent, 16. Density, 16 (compared with air 1-104). 
Solubility (in water at 0° C), 100 vols, water dissolve 4-1 
vols, of 0. 

§ 75. Oxygen is the most abundant of all the elements, and 
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forms probably between ^ and J of the known globe. It occnrs 
in the air, of which 20 per cent, by volume is oxygen, the rest 
being nitrogen mixed with it. It occurs in water, of which f or 
88*8 ^er cent, by weight is oxygen, the rest being hydrogen chemi- 
cally united with it. It occurs in the earth, the crust of which, 
as far down as has been examined, consists almost entirely of 
oxides of metals and of non -metallic elements. Most rocks con- 
tain about ^ of their weight of oxygen. Oxygen, both as forming 
a part of water and otherwise, is found in all parts of plants and 
animals. 

§ 76. In order to obtain pure oxygen gas, it is most convenient 
to heat some substance, either natural or artificial, which contains 
it, and which is decomposed by heat. Any of the following 
bodies when strongly heated give up oxygen ; the last gives it up 
mixed with another gas, which, however, can be eaisily removed. 

Protoxide of mercury, HgO, when heated becomes Hg+0. 
Binoxide of manganese, 3 (MnO^), „ „ MugO^-f-O^. 
Chlorate of potassium, KClOg, „ „ KCI+O3. 

Sulphuric acid, H,SO„ „ „ H,0+SO,+0. 

§ 77. If only a small quantity of oxygen is required, it is most 

Fig. 47. 




convenient to employ chlorate of potassium, a salt manufactured 

p2 
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in large quantity. The salt is powdered, mixed with a little 
hinoxide of manganese, which faciHtates its decomposition, and 
heated in a flask F (fig. 47). 

The chlorate of potassium on heing heated is decomposed into 
chloride of potassium and oxygen, thus : — 

KCIO3 = KCl + O3. 

The chloride of potassium, together with the undecomposed hin- 
oxide of manganese, remains hehind in the flask F, while the 
gaseous oxygen escapes as it is liberated through the tube P, one 
end of which passes tightly through the cork C of the flask, the 
other is beneath the surface of water in the trough T. On in- 
verting a vessel V full of water over the end of P as the oxygen 
is escaping, the gas rises in bubbles, collects in V, and gradually 
fills it*. Pure oxygen is a colourless gas, without taste or smell; 
since it forms 20 'per cent, of the atmosphere, it may of course be 
breathed with impunity. 

§ 78. All bodies which bum in the air, bum with greater 
energy in oxygen, giving out more light and heat. Burning or 
combustion in the air is oxidation ; so that when a body bums, 
it or its elements unite with oxygen, and form one or more 
oxides. Oxygen unites with all metals, forming oxides, some 
of which are acids, some bases, and some, according to circum- 
stances, are both. It unites also with all non-metallic elements 
(with the exception, perhaps, of fluorine), frequently in several 
proportions, and forms with them acids or neutral bodies. 

§ 79. The gradual rusting which many metals undergo when 
exposed to the air, especially to moist air, is a slow process of 
oxidation. Such metals are called hase (as distinguished from 
nohle metals, which are such as do not spontaneously oxidize). 
The rust of a metal, therefore, as of iron, zinc, lead, &c., is an 
oxide of the metal. 

* Such an arrangement for collecting a gas is called a " pneumatic trough." 
The liquid employed in it is sometimes mercury. The gas is said to be col- 
lected " over " water or mercury. The apparatus will not require descrip- 
tion when again mentioned. 
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§ 80. If bodies which bum (rapidly oxidize) or slowly oxidize 
in the air when heated, are heated in pure oxygen, they bum 
with much greater brilliancy. Thus (fig. 48) if a flask Ml of 
oxygen, F, be taken, and by means of a bent wire, W, a little cup, 

Fig. 48. 





C, containing burning sulphur is introduced, the sulphur bums 
with great rapidity, giving a beautiful blue light. A fragment 
of charcoal (carbon) under like circumstances, burns with a 
splendid white light, while phosphorus gives a magnificent 
light of almost insupportable brightness. Similarly, if the end of 
a piece of iron wire, I, be heated red-hot and plunged in the gas, 
the iron bums (oxidizes, rapidly rusts), giving rise to great light. 
Oxides of the elements are formed in all cases ; but the number 
of equivalents of oxygen which unite is not always the same. 
The following equations show the proportion of the elements 
which unite : — 

8+20=S02, sulphurous acid. 
C+ 20=003, carbonic acid. 
Pj+SOzsPgOj, phosphoric acid. 
3Fe+40=Fe30^, four-thirds oxide of iron. 

The so-formed oxides differ in properties. SO^ and CO^ are 
both gases, and may unite with bases to form salts ; they are, 
therefore, anhydrous acids. P^Og is a snow-white solid, which 
settles upon the inside of the flask. It also unites with bases. 
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and forms salts (phosphates), and is anhydrous phosphoric acid. 
The product of the oxidation of the iron, ^%0^, is neither an acid 
nor a hase ; that is, it does not unite with acids without decom- 
position to form salts ; it is sometimes called the black or mag- 
netic oxide of iron, being in fact identical with loadstone. 

§ 81. Often, when a compound body (that is, one which con- 
sists of more than one element) is burnt in oxygen, both or all 
of its constituent elements are oxidized, and either a mixture or 
chemical compound of oxides results. Thus, if CS^, the bisul- 
phide of carbon, be burnt in oxygen, a mixture of carbonic and 
sulphurous acids is formed. 

CS, + 60 = CO, -h 2S0,. 

If protosulphide of iron be burnt, the result is sulphate of iron. 

FeS -h 40 = FeSO,. 

§ 82. When oxygen is required in very large quantity, sul- 
phuric acid, HjjSO^, is boiled, and its vapour is passed through a 
porcelain tube heated to whiteness and containing metallic plati- 
num in a finely divided state. It is thereby decomposed into 
water, sulphurous acid, and oxygen, 

H^SO, = H,0 -h SO, -f 0. 

The water condenses, and the sulphurous acid is removed by 
passing the mixed gases over lime, CaO, which combines with 
the SO,, forming CaSOg, or sulphite of calcium. The oxygen is 
then pure. 

§83. Ozone, — ^When pure dry oxygen is subjected to the 
action of electric sparks, it shrinks in volume, acquires a peculiar 
crab-like smell, and possesses a very much greater chemical 
activity or power of oxidizing ; it is then said to be ozonized, or 
partly converted into ozone. The same body is formed when 
oxygen is liberated at a low temperature from certain of its com- 
pounds. Thus, when binoxide of barium, BaO,, is acted on by 
sulphuric acid, the liberated oxygen is ozonized. 

BaO, -h H,SO^ = BaSO, -f Ozone -h H,0. 

Such modified oxygen is said to be in an allotropic state. It 
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consists of no other element but oxygen, and is converted into 
ordinary oxygen by heat. Ozone is supposed by some to exist 
in the air. Common oxygen does not decompose iodide of 
potassium, KI ; ozone does so, and sets free the iodine. Free 
iodine forms a blue colour with starch ; so that a mixture of 
starch- water and iodide of potassium may serve as a test for 
ozone. K such a mixture be shaken up with a gas containing 
ozone, the ozone decomposes the iodide of potassium, and the 
liberated iodine combines with the starch, turning it blue. 

§ 84. The tests for oxygen are very simple. It is colourless 
and tasteless, and requires about thirty times its volume of water 
for solution. A piece of wood which has been lit and blown out, 
so as to leave a glowing spark, bursts into flame when introduced 
into the gas. If a piece of phosphorus be exposed to a gas con- 
taining oxygen, even at low temperatures, the phosphorus gradu- 
ally unites with and withdraws the oxygen. The contraction in 
volume which the gas undergoes, both shows the presence of 
oxygen and measures its quantity. 

§ 85. The use of the oxygen of the air to plants and animals 
will be considered in Chapter XVI. 



APPENDIX TO CHAPTER V. 

NuMEEiCAL Calculation &c. 

§ 86. It is indispensable that the student should familiarize 
himself with the symbols, use of formulae and equations, equiva- 
lents, and the processes of numerical calculation, at as early a 
stage as possible. This can only be done by setting himself and 
working out questions similar to the few given below. All the 
equivalents of the elements which have to be considered in the 
sequel should at once be committed to memory. They are as 
follows, with their symbols : — Oxygen, 0=16; Hydrogen, H= 1 ; 
Carbon, C=12; Nitrogen, N=14; Chlorine, CI =35-5; Bro- 
mine, Br=80; Iodine, 1=127; Fluorine, n=19; Sulphur, 
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S=32 ; Phosphorus, P=31 ; SiKcon, Si=28. The equivalents 
of the other elements may he got as required from Table, p. 72. 

Example 1. What weight of oxygen can be obtained from 
7 lbs. of chlorate of potassium ? 

The composition of chlorate of potassium is KCIO3, the equi- 
valent of potassium is 39. We have, therefore, 

K=39 

Cl=35-5 

03 =48 (=3x16) 

122-5 

So that 122*5 lbs. of chlorate of potassium contains 48 lbs. of 
oxygen, all of which it gives up when heated ; 7 lbs. will there- 
fore give 

7 X 48 

., 00 g ll5s., or 2-742 lbs. 
122-5 ' 

Example 2. How much oxide of iron is formed when 20 
grammes of iron are burnt in oxygen ? 

The equivalent of iron is bQ, and the chemical reaction is 
3Fe + 40=Fe30,. 

Fe3= 168 (=3x56) 
0^= 64 (=4x16) 

232 

So that 168 grammes of iron when burnt give rise to 232 grammes 
of oxide of iron ; 20 grammes will therefore give rise to 

20 X 232 

— Tgg— gnns., or 27*618 grms. 
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CHAPTER VI. 

Hydrogen and its compounds with the preceding element. 

Symbol f H. Equivalent, 1. Density, 1 (compared with air 0-069). 
Solubility (in water at 0°C.), 100 vols, of water dissolve 
0-25 vols, of H. 

§ 87. Hydrogen almost always occurs in nature combined with 
oxygen ; with which element it forms water. The great natural 
sources of hydrogen are therefore the sea, rivers, &c., the moisture 
of the earth, the vapour of water in the air. Hydrogen is also 
found in nature combined with carbon, phosphorus, and nitrogen. 
Hydrogen never occurs in nature in the free or uncombined state. 
This fact is connected with its afl^ty for both oxygen and ni- 
trogen, both of which are found abundantly in the free state. 
It is found in both plants and animals ; for water (which contains 
it) is necessary to all life. 

§ 88. Hydrogen is generally obtained by the decomposition of 
water- — that is, by the withdrawal of its oxygen. Bodies which 
readily oxidize, and whose oxides are fixed, may be employed to 
combine with the oxygen of the water, and set free the hydrogen. 



Fig. 49. 
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Thus (fig. 49), if iron filings or turnings be heated red-hot in a 
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tnbe T, which lies in a long charcoal fire contained in G, and 
steam (vapour of water) be passed over them from the flask F, 
the iron in T will oxidize, taking the oxygen from the water. 
The hydrogen will be set free, and escape by the tube S, where 
it may be collected by the pneumatic trough. The reaction is 
thus expressed : — 

4H^0 H- 3Fe = Fe30, + H,. 

Water Iron. Oxide of Hydrogen. 

(Steam). iron. 

§ 89. Indeed the oxidation of metals, when exposed to the 
air, is generally due to the decomposition of the water which 

exists as vapour in the air, and rarely, or only in part, to the 
direct union of the metal with atmospheric oxygen. 

§ 90. Some metals have such a great affinity for oxygen that 
they rapidly decompose water, in order to oxidize, even at ordinary 
temperatures. Thus sodium, if thrown into water, decomposes it 
and forms oxide of sodium, Na^O, which dissolves in the water, 
while the hydrogen escapes. The so formed oxide of sodium 
combines then with a fresh equivalent of water, forming hydrate 
of sodium. Thus ; — 

H,0 + Na, = Na,0 + H,. 

Water. Sodium. Oxide of Hydrogen. 

sodium. 

Na,0 + H,0 = 2(NaH0). 

Oxide of Water. Hydrate of 

sodium. sodium. 

If the sodium be introduced into an inverted tube fiill of water 
standing over water, the sodium, being lighter Fig. 50. 

than water, will rise to the top of the tube, ^ 

and as it decomposes the water (fig. 50) the Na 
hydrogen will collect in the upper part of the 
tube ; the hydrate of sodium, NaHO, forming 
with water a solution heavier than that body, 
will sink and gradually mix with the water. 

§ 91. Many metals which decompose water, 
even when cold, are nevertheless not deeply 
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attacked or rusted by water, because the coating of metallic oxide at 
first formed, being insoluble in water, forms a water-proof coating 



Fig. 61. 




or film of oxide which prevents the further 
oxidation of the metal, and therefore the 
further decomposition of the water. Such 
a metal is zinc (fig. 51) ; the oxide of 
zinc being insoluble in water. 

If the oxide be removed as fast as it 
is formed, a fresh surface of the metal is 
kept exposed, and the decomposition of 
the water goes on continually, and is 
necessarily accompanied by a continual evolution of hydrogen. 
Oxide of zinc when so formed may be removed by means of sul- 
phuric acid, a body consisting^of the elements hydrogen, oxygen, 
and sulphur, H^SO^t. This acid, which is soluble in water, 
dissolves the oxide of zinc, exchanging H^ for Zn to form sul- 
phate of zinc, ZnSO^, in doing which water is formed. Thus : — 

ZnSO, 



♦ ZnO 



Solphurio 
acid. 



+ ZnO = ZnSO, + H,0. 



Oxide of 
sino. 



Sulphate of 
zina 



Water. 



So that if zinc, water, and sulphuric acid are brought together, 
the reaction which ensues may be represented as a continual 
repetition of the two reactions. 

Zn -f Bfi = ZnO + H, 

ZnO + H,SO, = ZnSO, + H,0, 
or Zn + H,0 + H,SO, = ZnSO, + H,0 + H,. 

It is, however, simpler to view the production of hydrogen as re- 
sulting directly and immediately from the replacement of the 
hydrogen of the sulphuric acid by zinc. Thus : — 

H,SO, + Zn = ZnSO, + H,. 

§ 92. The apparatus usually employed for the preparation of 
hydrogen by means of zinc and sulphuric acid is seen in fig. 52. 
Some scraps of zinc are placed in the bottle "W, and covered with 

t This body, which is sometimes called oil of vitriol, may be (§ 57) con- 
sidered the sulphate of hydrogen. 
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water. The bottle W has two Decks. Fig. 52, 

Through the cork in the one neck 

passes the tube T, open at both ends ; 

its lower end is beneath the surface 

of the water in W. Through the cork 

of the other neck passes a gas-delivery 

tube P, leading to the pneumatic 

trough. When sulphuric acid is 

poured down the tube T, the resulting 

hydrogen escapes by the tube P, and 

may be collected at the pneimiatic trough. Many other acids 

besides sulphuric acid, with many other metals besides zinc, give 

rise to hydrogen. Thus ; — • 

Fe -h H,SO, = teSO, -h H,. 
Fe -h 2HC1 = FeCl, + H,. 

§ 93. Hydrogen is the lightest of all known substances, being 

only ^ as heavy as air. It is a colourless gas, without taste or 

smeD. It is not an active poison when breathed, but acts in- 
juriously only by depriving the lungs of oxygen (see § 77), It 
also raises the pitch of the voice, owing to its lightness and small 
resonance. Hydrogen is seldom used in the arts ; it is sometimes 
employed to inflate balloons, on account of its lightness. Thus 
1 litre of hydrogen weighs 0*089 gramme : 1 litre of air weighs 
1*293 gramme, or 14-5 times as much. So that 1 litre of 
hydrogen will have in the air an ascensional force of 1-293 
minus 0*089, or 1*204 gramme, 

§ 94. Hydrogen is sometimes used in the laboratory to reduce 
or deoxidize certain metallic oxides. 

MO + H, = HP -h M. 

Hydrogen has the greatest specific heat of all known bodies. 
On combining with oxygen it gives rise to a great heat. 

§ 95. Hydrogen may be burnt in the air, or combined with 
oxygen. If alighted body, as a burning match, be applied to the 
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end of the tube P (fig. 52, § 92), the hydrogen takes fire, it bums 
or oxidizes ; and its oxide is water. 

Combinations of Hydrogen with Oxygen, 

§ 96. Water. — ^Water is the lowest oxide of hydrogen. It is 
found abundantly in nature in the solid, liquid, and gaseous state 
— as ice, water, and steam or vapour. 

§ 97. We have seen how water is employed as a source of 
hydrogen by the removal of its oxygen. Inversely, water may 
be formed by uniting oxygen with hydrogen. The proportion 
by weight in which the elements unite is of course that of their 
equivalents; that is, sixteen parts by weight of oxygen unite 
with two of hydrogen and form eighteen of water. As both H 
and are permanent gases, it is easier to measure than to weigh 
them. 2 vols, of H are required for every 1 vol. of ; and the 
gases in uniting contract to two volumes of vapour of water 
(§ 38), which therefore has the density 9, or, compared with air, 
0-6207. 

§ 98. The union of oxygen and hydrogen and the formation of 
water may be effected by simply heating a portion of the mixed 
gases white-hot. Thus if a bottle be filled with the gases mixed 
in the above proportion and a light be applied to its mouth, the 
gases instantly and completely combine with a loud explosion 
and form water. The heat applied causes the union of the gases 
which touch it ; these, in combining, give out heat, which causes 
a fresh portion of the two gases to unite, and so on. The progress 
of the uDion of the gases through the whole mass of the mixture 
is so rapid as to appear instantaneous. The great heat produced 
by the union of H and expands the vapour of water formed 
suddenly and greatly ; the surrounding air is struck and com- 
pressed, and a loud report is the consequence. 

§ 99. If an electric spark be made to pass through the mixed 
gases, they also explode or instantly unite. The same effect is 
produced if the clean surfaces of certain noble metals are exposed 
to a mixture of H and 0. This is especially the case with pla- 
tinum in a finely divided state. If a little " spongy" platinum 
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(that is, platinum in a state of minute division) be introduced into 
a mixture of and H, it becomes gradually white-hot and the 
gases explode. The reason of this is not known. The platinum 
by some means causes the two gases which touch it to condense 
and unite ; and their union gives out heat*. 

§ 100. The union of oxygen and hydrogen, or the burning of 
hydrogen and the formation of water, may also be shown by 
applying a lighted body to the end of the tube P (fig. 52, § 92) 
as the hydrogen is issuing from it. The hydrogen takes fire and 
bums with an almost colourless pale blue flame. If, while doing 
so, a cold glass jar be held so as to surround the flame, the inside 
of the jar is found to become coated with a dew of water. This 
water is derived from the union of the hydrogen with the oxygen 
of the air. 

§ 101. The union of hydrogen with oxygen gives rise to so much 
heat that it is employed as a means of raising smaU quantities 
of bodies to a very high temperature. The apparatus used for 
this purpose is called the Oa^fJiydrogen blowpipe. Fig. 53 is a 

Fig. 53. 
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sketch, showing the principle of the instrument. The gases H 
and are contained in two air-tight bags, B and A, provided 
with tubes and stopcocks, C and D. The tubes from the bags open 
into a little chamber, E, where the gases mix. A single tube, 
F, issues from E. If the cocks C and D are so adjusted and the 
pressures upon the bags so arranged that twice as much hydrogen 

* When a body effects, or alters, or facilitates a chemieal change without 
itself being influenced, as the platinum here and the MnOg in § 77, it is said 
to act by contact. The action is called a Contact-action, or sometimes a 
Catalytic one. The change is called Catalym, 
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as oxygen, by volume, is delivered. When a light is applied to 
F the mixed gases unite completely and give out a great heat. 
If the tube F is wide, the flame will pass down and explode the 
mixed gases in E ; but if it is narrow, its cold metallic sides keep 
the gases at a lower temperature than that at which combination 
is possible. The single tube F is generally replaced by a bundle 
of fine tubes placed side by side. By this means, while the same 
cooling effect is preserved, more gas may be delivered and a larger 
flame employed. 

§102. Water is also formed when bodies which contain hydrogen 
are burnt in the air. Thus wood, alcohol, oil, &c. all contain 
hydrogen ; when such bodies are burnt, the hydrogen is oxidized 
and water is produced. 

§ 103. If it is required to know how much hydrogen a substance 
contains, it is heated with some body which readily parts with 
oxygen, such as oxide of copper. Water is formed ; and ^ of the 
weight of the water found is the weight of the hydrogen in the 
original substance. 

§ 104. Water is also frequently formed in chemical changes, 

when the bodies engaged therein contain the elements of water ; 

thus — 

Agfi + 2HC1 = 2(AgCl) + H,0, 

PbO + H,S == PbS + H,0, &c.; 

or in the reduction of a metallic oxide by means of hydrogen, as 

CuO + H, = Cu + H,0, 
Fe.Og + 6H = 2Fe + 3H,0, &c. 

It is often liberated from bodies which contain it, as we have seen 
(§§ 61, 63) to be the case when a hydrated acid is neutralized by 
a base : 

a^SO^ + PbO = PbSO, + H,0, &c. 

§ 105. Besides uniting with anhydrous acids, "Nfi^, SO3, <fec., 
and forming true acids, HNO3, H,SO„ &c., N^.-fH.O =2(2^03), 
S03H-H20=H2S0^, water also frequently unites with metallic 
oxides or bases, and especially with such as have energetic basic 
properties. In such compounds the water may be regarded as 
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playing the part of an acid. Great heat is often set free when 
water combines in this way with a metallic oxide; and the 
resulting body is called a hydrate, 

CaO -h H,0 = CaOH,0=hydrate of calcimn. 

Oxide of oalcium Water. Slaked lime, 

or quick lime. 

K,0 + H,0 = 2(KH0)=hydrate of potassium. 

Such water is held by the metallic oxide with great force ; the 
hydrate of calcium requires to be strongly heated before its water 
is expelled. The hydrate of potassium is not decomposed at a 
red heat, and, indeed, cannot be said to contain water at all. It 
is found that metallic oxides which thus combine energetically 
with water, are also those which are soluble in water or are alka- 
line (§ 65). The solid hydrate and its solution in water are 
caDed caustic, and the hydrate of potassium and of calcium are 
frequently called caustic potash, caustic lime, &c. "When metallic 
oxides combine with water in definite proportions, but with less 
energy than is the case with the hydrates, the oxides are said to 
be Jiydrated : thus, 

Fe^OgSH^O is the hydrated sesquioxide of iron. 
AlgOgSH^O is the hydrated sesquioxide of aluminium. 
PbOHgO is the hydrated protoxide of lead. 

Such compounds frequently give up their water on mere expo- 
sure to the air, and always when gently heated. 

§ 106. Anhydrous acids, therefore, combine with water to form 
true acids ; metallic oxides combine with water to form hydrates. 
Towards the acid, the water plays the part of a base, towards the 
base that of an acid. 

§ 107. Water also combines with salts. "When a soluble salt 
is dissolved in water, and the water is gently evaporated away, 
the salt very often in becoming solid or crystallizing, combines 
with a certain quantity of water, which it retains with more or 
less force. Such water is called water of crystallization. Though 
retained with far less force than, the other constituents of the salt, 
it is quite definite in quantity, and is necessary to the crystalline 
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form which the salt may have. Such water of crystallization is 
of no especial importance in considering the chemical properties 
of a salt, because the chemical properties are generally examined 
in aqueous solution. A salt may unite with water of crystalliza- 
tion in more than one proportion. Thus sulphate of copper, 
CuOSOg, forms with water 

CuSO.Hp and 
CuS0^5H,0. 

So chloride of calcium unites with water in the proportions 

CaCl,2H,0 and 
CaCl,6H,0. 

§ 108. "Water in the solid form, or ice, crystallizes in six-sided 
plates or prisms, and in forms derived therefrom; it melts at 

Fig. 54. 




0° C, boils at 100° C, and has a maximum density at 4° C. (See 
I. § 31). Water wiU be again considered in Chapter XVII., with 
especial reference to its occurrence in nature. 

§ 109. Binoooide of hydrogen. — ^Another oxide of hydrogen, the 
binoxide, H^Oj, may be got from the binoxide of barium, BaOj,, 
by replacing its barium by hydrogen. The binoxide of hydrogen 
is a colourless, transparent liquid, of a syrupy consistence. It 
is easily decomposed into water and oxygen. Higher oxides of 
hydrogen have been supposed to exist; but so little is known, 
about them, that their very existence is doubtful. 
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CHAPTER YII. 

NiTROGEX AJ/TD ITS COMPOTjyDS WITH THE PRECEDING ELEMENTS. 

Symboly N. Eqiuvalent, 14. Density, 14 (compared with air 
0-965). Solubility (in water at 0° C), 100 vols, of water 
dissolve 2-03 vols. N. 

§ 110. Nitrogen occurs in an uncombined state mixed with 
oxygen in the air, about 80 per cent, of which by volume is 
nitrogen. It is also evolved from volcanoes. It is found in nature 
sometimes in combination with oxygen, sometimes with hydrogen, 
sometimes with both. It is of course not actively poisonous, form- 
ing as it does so large a proportion of the respirable air ; but 
when pure, it causes suflPocation on account of the absence of oxy- 
gen (see Chapter XVI.). It is necessary to animals, the flesh, 
tissues, and blood of all animals containing it in combination 
with other elements. The parts of plants used by animals as 
food, especially grains, as wheat, barley, oats, &c., contain this 
element. Although the quantity of combined nitrogen in the air 
is exceedingly small, it plays an important part in the nutrition 
of plants, and through them of animals. 

§ 111. Nitrogen may readily be. got in the pure state by re- 
moving the oxygen from a quantity of atmospheric air. Thus 
(fig. 55) a cup of iron, C, is supported in 
an upright position in a vessel V con- 
taining water, and a little phosphorus 
placed in the cup is heated until it begins 
to bum or oxidize. A bell-jar, K, having 
a stopper S, is then inverted over the 
burning phosphorus, so that its edge is 
beneath the water in V. The air in K 
is gradually deprived of its oxygen ; and 
if there is enough phosphorus in C, the 
whole of the oxygen will be removed 

and form P^O^, which is absorbed by the water. When the 
action has ceased, the water is found to have risen in the jar so 
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as to fill about '^ of it. This shows that the formed ^ of the air. 
The remaining ^ are nitrogen. 

§ 112. If large quantities of N are required, copper may be 
used instead of P to remove the oxygen from the air. A higher 
temperature, however, is required in this case. Copper turnings 
are placed in a tube T ; this is laid along the charcoal furnace G, 

Fig. 56. 




and heated red-hot ; air is slowly forced over the copper from 
the bag B. The of the air is arrested by the Cu, and CuO is 
formed. The N passes along through the tube A, and may be 
collected at C, or received in an empty bag fastened at A. 

§113. Nitrogen is a colourless and tasteless gas. The dis- 
tinguishing chemical pecuHarity of nitrogen is the great indif- 
ference it shows to combine with other bodies. One of the effects 
of this is thai bodies which bum in the air or oxygen cease to 
bum, or are extinguished in an atmosphere of nitrogen. 

Thus, if the stopper S be removed (fig. 55), and burning sul- 
phur, phosphorus, or carbon be brought into the gas, they are 
at once quenched. Indeed there are very few elements which 
under any circumstances can be made to unite directly with 
nitrogen. 

§ 114. Combinations of Nitrogen with Oxygen. — ^There are five 
oxides of nitrogen. Two of them unite with bases and form 
salts, and are therefore called acids ; but only one unites with 
water to form a definite hydrated acid. 

NjO is nitrous^ oxide, also called laughing gas. 

NO is nitric oxide. 

N.P3 is nitrous acid, also called anhydrous nitrous acid. 



116 



NON-METALLIC CHEMISTBT. 



NO^ is peroxide of nitrogen, also called hyponitric acid, nitrous 
acid. 

Nj^O, is anhydric nitric acid, also called nitric anhydride. 

HNO3 is nitric acid*, also called aquafortis. 

It is seen that there is a little ambiguity in the nomenclature 
of these bodies. We shall always employ the names first given. 

§ 115. Nitric acid, HNO3. — The most stable oxide of nitrogen 
is nitric acid. This oxide is formed when animal or vegetable 
matter containing nitrogen undergoes slow decay in the presence 
of water and some basic body. In India nitrate of potassium 
(that is, nitre or saltpetre) is found covering the ground. In 
South America a similar salt, nitrate of sodium, occurs. Nitrate 
of potassium, which is used largely in the manufacture of gun- 
powder, is prepared artificially by mixing dung, stable-refuse, 
and other matter rich in nitrogen, with a mixture of oxide and 
carbonate of calcium (old mortar is such a mixture), and exposing 
in a moist state for some months to the air. The nitrogen 
gradually oxidizes to N^Og, which as formed unites with the 
lime (oxide of calcium) and forms nitrate of calcium, Ca2N0 . 
This is afterwards converted into nitrate of potassium by mixing 
it with carbonate of potassium. 

Ca2]Sr03 -h K,C03 = 2KNO3 + CaQO,. 

Fig. 67. 




* N,0, + H,0 - 2(HN03). 
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Carbonate of calcium is formed at the same time, as seen from 
the equation. Carbonate of calcium is chalk, and, on account of 
its insolubility in water, may be easily separated from the 
soluble nitre or nitrate of potassium. 

§ 116. Nitric acid is prepared by heating nitrate of potassium 
with sulphuric acid in a retort (fig. 57). The nitrate of potassium 
is placed in the retort and sulphuric acid is poured upon it by 
means of the tube T. The reaction is as follows : — 

KNO3 + H,SO; = HNO3 + HKSO,. 

On applying heat to the retort the nitric acid, HNO3, distils over, 
and condenses in the receiver A. The sulphate of potassium* 
remains behind in the retort. So prepared, nitric acid is usually 
coloured red, on account of the presence of some peroxide of 
nitrogen, NO^. The latter may be expelled by boiling or by 
passing a current of dry air through the liquid ; the acid then 
becomes colourless. 

§ 117. Nitric acid has the specific gravity 1*517, and boils at 
85°'5 C. It readily gives up a part of its oxygen, and this 
property constitutes what is called its corrosive power, whence 
its name aquafortis. Most metals are oxidized when in contact 
with nitric acid ; especially if the acid is somewhat diluted with 
water. The part of the nitric acid which gives up oxygen to the 
metal is thereby deoxidized ; and the resulting lower oxides of 
nitrogen usually escape as gases, some of which, as we shall see, 
have a red colour. The oxide of the metal most frequently 
dissolves in the acid, combines with a fresh uii decomposed portion 
of it, forms water and a nitrate. All nitrates are soluble in 
water and in dilute nitric acid; hence the metal is seen to diminish 
or dissolve. The quantity of oxygen lost by the nitric acid in 
oxidizing the metal depends upon the nature of the metal and 
upon the temperature. 

Nitric acid also acts with energy upon most animal and vege- 
table matter, destroying their texture, and in many cases dis- 
solving them. 

* HKSO4 is strictly sulphate of potassium and hydrogen. 
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§ 118. Since all nitrates are soluble in water^it is not possible 
to test for nitric acid by getting a characteristic precipitate con- 
taining nitric acid by the addition of any base. Free nitric acid 
may be detected by the red fumes which it gives on being 
heated in the air with metallic copper. Since nitric acid is ex- 
pelled from bases by sulphuric acid, a body which is supposed to 
contain nitric acid may be heated with sxdphuric acid and copper; 
whereupon, if nitric acid be present, red fumes will be formed. 
Nitric acid is most conveniently tested for by mixing the body 
supposed to contain it with strong sulphuric acid, cooling and 
pouring upon the mixture a solution of sulphate of iron, FeSO^, 
in such a manner that the two liquids do not immediately mix. 
If nitric acid is present, a brown ring is formed where the two 
liquids come into contact. This is due to the formation of a 
compound of NO with the sulphate of iron. 

§ 119. Anhydrous nitric acid, N^O^. — ^This body is prepared by 
passing the gaseous element chlorine over warm nitrate of silver. 
Chloride of silver, oxygen, and anhydrous nitric add are formed. 

2AgN03 + 2Ca = 2AgCl -h N,0, -h 0. 

Chloride of silver being a non-volatile solid, remains behind. Oxy- 
gen and vapour of N^O^ pass away. The latter only is con- 
densed by cooling the mixed gases. N^O^, or anhydrous nitric 
acid, is a white solid which melts at 30° C, and boils at 47° C. 
It unites directly with water, forming common nitric acid, and is 
by itself very easily decomposed. Its vapour-density has therefore 
not been determined. 

§ 120. Peroxide of nitrogen, NO^. — When dry nitrate of lead, 
PbSNOg, is heated it is decomposed into oxide of lead, oxygen, 
and peroxide of nitrogen, thus : — 

Pb2N03 = PbO -h 2N0, -h 0. 

If the mixed gases are much cooled, the peroxide of nitrogen 
condenses to a nearly colourless liquid, which boils at 28° C. The 
oxygen escapes. Fig. 58 shows a simple arrangement for heating 
the nitrate of lead in the tube A, and condensing the peroxide of 
nitrogen in the flask B, which is surrounded by a freezing-mixture, 
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C, composed of ice and salt (see I. § 99). Peroxide of nitrogen 
in the gaseous state has a beautiful red colour. 

Peroxide of nitrogen combines directly and without decompo- 
sition with some substances, producing compounds resembling 

Fig. 58. 




those got by the union of chlorine, iodine, &c. with the same sub- 
stances. 

§ 121. Peroxide of nitrogen is also got when 1 vol. of oxygen 
is mixed with 2 vols, of nitric oxide, NO. The two gases con- 
tract together to two vok. Now NO consists of equal volumes 
of N and united without contraction. Accordingly 2 vols, of NO^ 
weigh 16 + 16-1-14 ; or 1 vol. of NO^ weighs 23 (or 1-587 com- 
pared with air). 

1 vol. oxygen. 2 vols. NO. 
2 vols, of NO, weigh 16 -|- 16 -h 14. 

§ 122. Nitrcms add, N^Og. — This, the teroxide of nitrogen, is 
not known in combination with water, being decomposed by that 
body. Nitrous acid is obtained by deoxidizing nitric acid by 
means of the teroxide of arsenic, As^Og. Arsenic has two oxides, 
the teroxide, As^Og, and the pentoxide, As^O^ ; both of these are 
acids ; the first is called arsenious, the second arsenic acid. If 
arsenious acid is warmed with nitric acid it reduces the latter, 
itself becoming oxidized, thus : — 



Asp, + 


2HN0, = N.O, + 


As,0, + 


H,0. 


Araenioas acid. 


Nifcrio add. Nitrous acid. 


Anhydrous 
arsenic acid. 


Water. 
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The anhydrous arsenic acid, however, at once unites with water ; 

thus, 

As^O^ -f 3Hp = 2H3ASO,. 

Anhydrous Arsenio add. 

arsenic acid. 

The nitrous acid \s volatile and escapes as a gas of a red colour. 
It may be united with bases, and forms salts called nitrites. 
Nitrous acid is also formed, but not in so pure a state, by heating 
nitric acid with starch. Starch contains hydrogen and carbon, 
which are oxidized at the expense of the nitric acid, reducing it 
to N.p,. 

§ 123. Nitrous acid is also formed on mixing 4 vols, of NO 
(see § 125) with 1 vol. of 0. The two gases combine and con- 
tract to 2 vols, of N2O3. Hence 

2 vols, of N,03 weigh 4 vols, of NO+1 vol. of 0, 

4 vols. NO. 



^\ 



or 2 vols. N-f-2 vols. + 1 vol. 0, 
or 28 + 32 + ] 6, 
or 1 vol. of N2O3 weighs 38 (or 2*61 compared with aiy). 

Nitrous acid at ordinary temperatures is a gas, but may be con- 
densed into a blue liquid at about — 35° C. It may be mixed 
without decomposition with ice-cold water ; but warmer water 
decomposes it into nitric acid and nitric oxide. 

3N,03 -f H,0 = 2HNO3 + 4N0. 

Nitrous add. Water. Nitric acid. Nitric oxide. 

§ 124. Nitrite of potassium, from which other nitrites may be 
got, is obtained by heating nitrate of potassium until ^ of its 
oxygen is expelled. 

KNO3 = KNO, -F 0. 

§ 125. Mtric oocide,^0, — This oxide is a permanent gas ; it 
is formed by gently heating metallic copper with nitric acid di- 
luted with twice its volume of water. The reaction is expressed 
as follows : — 

8HNO3 -h' 3Cu = 3CU2NO3 -f 4H,0 -f- 2N0. 

Nitric add. Copper. Nitrate oi Water. Nitric oxide. 

copper. 
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§ 126. Mtric acid is a colourless gas ; it may be collected 
over water, in which it is only slightly soluble. It is decom- 
posed with difficulty; most burning bodies, as charcoal and 
sulphur, are extinguished in it ; but phosphorus bums therein 
with brilliancy, combining with the oxygen and setting free 
the nitrogen, NO colours sulphate of iron deep brown, owing to 
the formation of a body of the formula 2FeS0^, NO, as we have 
mentioned in speaking of the tests for HNO3. 

§ 127. The most characteristic property of NO is the eager- 
ness with which it unites with oxygen, forming therewith the 
red-coloured peroxide of nitrogen already described (§ 121). 

NO + = NO,. 

In consequence of this property the red fames of NO, are 
always formed when NO is made in an open vessel exposed to 
the air. The formation of NO^, by the direct union of NO with 
O, serves alike as a test for and for NO. It is also of very great 
importance in the manufacture of sulphuric acid. 

§ 128. Nitric oxide consists of 1 vol. of nitrogen (weighing 14), 
united without contraction to 1 vol. of oxygen (weighing 16). 

The density of the gas is therefore — i — or 15, or compared 

with air 1-034. 

§ 129. Nitrous oxide, N^O. — This, the lowest oxide of nitrogen, 

is formed by heating a body called nitrate of ammonium*, which 

has the composition NH^NOg. Nitrate of ammonium on being 

heated is decomposed and completely converted into water and 

nitrous oxide. 

NH^NOg = 2H,0 + I^.O. 

Nitrate of Water. Nitrous oxide, 

ammoniuxn. 

§ 130. Protoxide of nitrogen is a colourless gas, of a sweet 
taste. 100 vols, of water dissolve 130 vols, of the gas at 0° C. 

* Nitrate of ammonium has very many of the properties of a metallic 
salt, although it does not contain any metal. The NH^, ammonium, re- 
sembles a metal chemically when in combination with acids. Hence the 
names of bodies or salts containing NH^, instead of a metal, are similar to 
those of true metallic salts. This point will be fiilly explained in §§ 133-144. 
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It is much less soluble in warm water. At 0° C. it may be con- 
densed into a liquid by a pressure of about 30 atmospheres. At 
about — 100°C. it solidifies. The gas is composed of 2 vols, of 
nitrogen (each weighing 14), united with 1 voL of oxygen 
(weighing 16) contracted into two volumes. Hence its density, 

2x14-1-16 
compared with hydrogen, is ~I- — or 22 ; compared with 

air it is therefore 1'617. 

§ 131. Nitrous oxide may be breathed with impunity ; it pro- 
duces, however, on some people a more or less reckless hilarity, 
whence it is also called '< laughing-gas.'' It bears a considerable 
resemblance to oxygen. Like oxygen it supports the combustion 
of burning bodies much more freely than air. Phosphorus, carbon, 
and sulphur bum in it with almost the same brilliancy as they 
do in pure oxygen — which is remarkable, because they have to 
overcome the affinity of the nitrogen for the oxygen before they 
can combine with the latter. 

Nitrous oxide is distinguished from oxygen by its degree of 
solubility in cold water, being at 0° C. 31'7 times as soluble. 
Again, when oxygen combines with hydrogen, only water is formed, 
whereas NjjO leaves behind as much N as the volume of the 
original gas. If potassium be heated with oxygen, K^O is formed, 
and the gas wholly disappears ; with N^O, the is dso absorbed, 
but an equal vol. of N is left. Cold, P gradually absorbs O, but 
is without action on N^O. 

§132, The following Table shows the composition of the 
various oxides of nitrogen by weight, and the simplest relation 
of the two constituents N and by volume. The contraction, if 
any, is given when known, and the consequent densities of the 

products. 

By By Oontrac- 

Eonnula. weight, volume. tion to Density. 
N. O. N. O. B[=-l. 

Nitrous oxide ... . N,0..28 16.. 2 1 .. 2 vols. .. 22 

Nitric oxide NO . . 14 16 . . 1 1 no contraction. 15 

Nitrous acid N^O,. .28 48. .2 3 . . 2 vols. . . 38 

Peroxide of nitrogen. N0a..l4 32.. 1 2 ..2 vols. .. 23 
Nitric acid N,0,..28 80.. 2 6.. ? ..? 
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Combination of Nitrogen with Hydrogen, 

§ 133. Ammonia^ NHg. — There is only one known combination 
of these two elements when alone, namely ammonia, NH3. This 
body may be formed in small quantity by passing an electric 
spark through a mixture of the two gases. 3 vols, of H unite 
with 1 vol. of N ; and in doing so the whole contracts to 2 vols. 

So that the density of ammonia in the gaseous state is — —— 

or 8*5 (compared with air '586). 

§ 134. Ammonia is abundantly produced when animal or 
vegetable matter containing nitrogen rots or putrefies * in the 
presence of water — also when such bodies are heated in closed 
vessels, especially in presence of strong bases. Hair, feathers, 
horn, skin, &c. are especially rich in nitrogen. If such sub- 
stances are heated in closed vessels, and the gases given off are 
led into water, a pungent liquid is got, called in pharmacy 
" spirit of hartshorn." This body is a solution of ammonia in 

water t. 

§ 135. Ammonia occurs in immeasurably small quantity in the 
atmosphere, probably as a carbonate. But, small as is its amount, 
it is of great importance in furnishing nitrogen to plants (see 
Chapter XVI). 

§ 136. The great source of ammonia at present is the manufac- 

* Decay is properly used to denote slow oxidation ; it may take place either 
with dry or wet bodies; for decay oxygen is necessary. Putrefaction is 
properly confined to the decomposition which is attended by the formation » 
of living beings — plants or animals. For putrefaction water is necessary. 
A piece of meat, on being exposed to dry air, will gradually decay, only fat 
and mineral matter remaining. If exposed to moist air it will putrefy or 
rot ; nearly the same bodies will ultimately be left ; but the products formed 
during the two processes are different. 

t It must be remarked that in giving the name to a body, the presence of . 
water is very often neglected. Just as* the names tea and coffee are given 
to the infusions of the solid substances in water, so the name of a chemical 
compound is very often extended to the same substance dissolved in water, 
or even combined with it. This we have noticed to be the case with acids, 
as nitric acid. In a similar way the solution in water of the gas NH3, am- 
monia, is also called ammonia. 

g2 
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ture of coal-gas. The plants which when dead form coal, when 
living contain nitrogen. Some of this remains in the coal. 
Wlien coal is heated in closed vessels, as in the manufacture of 
illuminating gas, the nitrogen unites with the hydrogen of the 
coal and escapes as ammonia. When the gas is washed by being 
passed through water, the water absorbs the ammonia and forms 
what is called the ** ammoniacal liquor " of the gas-works. 

§ 137. The solution of ammonia in water possesses many of the 
properties of solutions of metallic oxides in the same liquid. It 
is caustic to the taste, turns vegetable colours blue, and completely 
neutralizes acids, forming with them salts very much resembling 
in colour, crystalline shape, solubility, &c. the corresponding 
salts of the alkaline metals. Hence the solution of anmionia in 
water, which is also called ammonia*, is conveniently considered 
also as an oxide, namely the oxide of KE^, which is therefore 
called ammonium. Hius : — 

Ammonia NH,. 

Solution of ammonia i r ^^-a jf 

, I ^^^^ ^ ^ ^^^^ ^ 1 oxide of am- 
in water, also > 

called ammonia . . J 
§ 138. If oxide of sodium be treated with HCl (see Chapter 
IX.), common salt or chloride of sodium is formed. Thus : — 

Nap + 2Ha = 2NaCa + H,0. 

Similarly, if oxide of ammonium be treated with the same body, 
chloride of ammonium is formed. 

2NH„0 + 2Ha = 2NH,a + H,0. 

The chloride of ammonium greatly resembles the chloride of 
sodium in appearance, taste, &c. Similarly, other salts of ammo- 
nium can be formed by neutralizing acids with ammonia (oxide 
of ammonium). Thus : — 

2NH„0 + 2HNO3 = 2KE,N03 + H,0,— 

the products in this case being water and nitrate of ammonium, 
the latter body being the salt we have already seen employed 

* Seenotet, p. 123. 



in water, also [ 2NH3 4-K0=2NH,, 0= j 

_. _ ' . f — 3 ' 2 4» ^ monium. 
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(§ 129) as the source of nitrous oxide, N^O, On account of its 
volatility and the alkaline nature of its solution, ammonia is 
sometimes called the volatile alkali. 

§ 139. Chloride of ammonium is the salt of ammonium fix)m 
which the gas ammonia, and the other salts of ammonium, are 
most usually prepared. Chloride of ammonium, NH^Cl, is ob- 
tained by neutralizing the ammoniacal liquor of the gas-works 
with hydrochloric acid, and evaporating to dryness, whereupon the 
chloride of ammonium crystallizes out in small cubic crystals. 
The same salt was formerly prepared at Ammonia (whence the 
name) in Asia Minor, by heating camels' dung (containing ni- 

Fig. 59. 




trogen) with common salt (containing chlorine). The chloride 
of ammonium so formed volatilizes and condenses on the cold 
surface of the upper part of the oven. This salt, NH^Cl, bears 
sometimes the commercial name of " sal-ammoniac." 

§ 140. When chloride of ammonium is heated with lime 
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(oxide of calcium) or oxide of potassium &c., the metal with- 
draws the chlorine, water is formed, and the gas ammonia, KH3, 
is expelled. The arrangement is^ seen in fig. 59. Slaked lime 
(hydrate of calcium, CaOH^O) is mixed with powdered NH^Cl 
and a little water in the flask F. On applying heat^ the follow- 
ing decomposition takes place : — 

CaOH,0 -I- 2NH,C1 = CaG, + 2H,0 -f. 2NH3. 

Slaked lime. Chloride of Chloride of Water. Ammonia. 

ammonium. caldmn. 

The gas NH3 escapes through the tube T, and may be collected 
(X) by displacement. The end of the tube T is turned up and 
reaches to the top of the vessel V. Ammonia being lighter than 
air (§ 133) collects in the tube V, and gradually displaces the 
air. Or (Y) it is collected over mercury ; or (Z) it may be dis- 
solved in water. 

§ 141. The composition of the gas ammonia may be shown by 
leading it repeatedly through a white-hot tube containing copper 
or iron, or by subjecting it to a series of powerful electric sparks. 
Every two volumes of ammonia then give rise to 4 volumes of 
gas, of which 3 are H and 1 is N. Hence (compare § 133) ga- 
seous ammonia is 8-5 times as heavy as hydrogen, or 0*586 the 
density of air. 

§ 142. Ammonia is exceedingly soluble in water. At 0° C. 
1 vol. of water dissolves about 1100 vols, of NH3, and about 730 
vols, at 15° C. Ammonia is recognized when in the free state 
by its peculiar pungent smell (the same smell as that of " sal- 
volatile," which is the carbonate of ammonia), by its power of 
turning red vegetable colours blue when moist, and by the dense 
white clouds which it produces when it meets in the gaseous state 
with volatile acids. 

§ 143. All salts of ammonium are decomposed when heated 
with oxide of calcium, potassium, or sodium, or the hydrates of 
those metals, CaOH^O, KHO, or NaHO. Hence, in order to see 
whether a body contains any compound of ammonium, it may 
be gently heated with water and hydrate of potassium, where- 
upon the ammonia, if present, will be given off as a gas, and can 
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be recognized by its smell, power of bluing vegetable colours, 
and fuming when a rod dipped in hydrochloric acid, HCl, or 
nitric acid, HNOg, is held near it. The KK^ as it meets with 
the HCl or HNO3 combines with it, and forms minute particles 
of solid salt in the air ; these constitute the clouds ; thus : — 

NH3 + HCl = NH.Cl 
NH3 + HNO3 = NH.NOg. 

Anmionium in combination is also recognized by the fact that 
chloride of ammonium, NH^Cl, forms an insoluble compound with 
chloride of platinum, PtCl^. If any salt of ammonium is mixed 
with hydrochloric acid and chloride of platinum, a heavy orange- 
yellow crystalline precipitate is formed called the platinochloride 
of ammonium, and having the composition 

2NH,C1, pta,. 

This body is so insoluble, especially in alcohol, that it is employed 
for determining the quantity of ammonium present. With this 
exception, and the tartrate, almost all salts of ammonium are 
soluble in water. 

§144. Gaseous ammonia, NH3, may be condensed by great 
cold or considerable pressure to a colourless liquid; and the 
liquid may be solidified by a further withdrawal of heat. Thus : — 

Under a pressure of 1 atmosphere, NHg becomes liquid at — 40° C. 
„ „ 7 atmospheres, „ „ 15° C. 

„ „ 1 atmosphere, „ solid — 75°C. 

§145. Ammonium, NH^. — ^The body which has been above 
called ammonium (that is, NH^) cannot be got in the separate 
state. But a substance having that composition may be readily 
obtained mixed with mercury on warming a solution of chloride 
of ammonium with an amalgam of sodium. 

NH,a + HgNa = NaCl + NH.Hg. 

The mercury swells up, increasing to many times its original 
volume, but preserving its metallic lustre. This substance, which 
is called " ammonium amalgam," is very instable at ordinary 
temperatures, breaking up into Hg, H, and NH3. 
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CHAPTER Vni. 

Carbon and its compounds with the preceding elements. 

Si/mbol, C. Equivalent, 12. {Hypothetical) density of vapour, 12 
(compared with air 0'828). 

§ 146. Carbon occurs in nature in nearly the pure state as 
crystallized carbon or diamond, a well-known precious stone, 
found chiefly in the East Indies and in Brazil. Its crystalline 
forms are the octahedron and forms derived from it. The specific 
gravity of the diamond is 3-5. It is possessed of a great refrac- 
tive power for light ; this and its rarity make it valued as a gem. 
In the arts it is chiefly used for cutting glass and abrading hard 
substances. 

Carbon also occurs nearly pure as graphite, plumbago, or black- 
lead. Its origin in this form is probably due to the action of the 
internal heat of the earth upon the vegetable matter buried in 
its crust. Graphite may be prepared artificially by dissolving 
carbon in hot iron, and letting it separate out as the iron cools. 

Carbon may also be got in a state of great purity by decom- 
posing by heat some substances which contain it. Such a form 
of carbon is lampblack. 

It is therefore seen that the same element, carbon, may appear 
under three entirely different modifications — diamond, graphite, 
and lampblack. 

By no mere physical examination could we conclude that these 
bodies were the same chemical element, carbon. One similar 
example we have had in the case of oxygen and ozone ; others 
will appear in the sequel. 

Diamond may be converted into graphite, and graphite into 
soot or lampblack; soot or lampblack may be converted into 
graphite, but neither lampblack nor graphite has been converted 
into diamond possessing all the properties of the natural gem. 

§ 147. The most familiar form of carbon, in a state of con- 
siderable impurity, is coke or charcoal. Wood consists almost 
exclusively of oxygen, carbon, hydrogen, and metals. When 
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wood is heated in closed vessels, or burnt with partial smothering, 
as in charcoal-burning, the hydrogen along with part of the 
oxygen escapes as water, part of the carbon escapes in combina- 
tion with hydrogen, but a large proportion of the carbon remains 
bel^ind as a porous mass, called charcoal. This body contains 
the mineral constituents or metals of the wood. Coal is wood 
which has been long buried in the earth, and which has lost some 
oxygen and some hydrogen. When coal is heated out of contact 
with the air, the carbon which is left behind is very compact, 
and is called coke. The densities of charcoal, lampblack, and 
coke depend upon their methods of preparation. 

§ 148. Carbon exists also in the air in the form of binoxide of 
carbon, CO^, called carbonic acid ; the quantity is small, only 0*04 
per cent, by volume ; but, like ammonia, it plays an important 
part in the nourishment of plants. Carbon also exists in the 
earth in great abundance as COg, or carbonic acid, combined with 
bases, as we shall see in considfering CO^. 

§ 149. Carbon at ordinary temperatures is almost unalterable 
in the air. Hence it is used for printers' ink. Carbon in the 
form of charcoal has a remarkable power of absorbing many 
gases ; and if oxygen be present and the gases be combustible, 
it effects their combustion, itself remaining unchanged. Hence 
charcoal is of much use as a disinfecting agent. Most gases 
which smell offensively contain oxidizable elements. Carbon, in 
the presence of oxygen, causes the elements of which ill-smell- 
ing gases are formed to unite with oxygen and thereby to lose 
their smell. Putrid bodies lose their smell if rubbed with 
powdered charcoal ; bodies of dead animals, if covered with a few 
inches of charcoal, give off no disagreeable smell though kept for 
years. Air is purified if it is breathed through a layer of char- 
coal; charcoal which is got by burning bones has further the 
peculiar property (the reason of which is not known) of decolo- 
rizing many bodies in the liquid state. It is extensively used for 
this purpose by the sugar-boiler and -refiner. 

§ 150. It will have been gathered from the preceding para- 
graphs that carbon occurs in the air in combination with oxygen 

g5 
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as CO^ or carbonic acid ; it occurs also in the same combination 
'^^dth oxygen in certain rocks, as we shall immediately see. 
Further, in all plants and animals carbon is found in combination 
with oxygen and hydrogen. 

Compounds of Carbon with Oxygen, 

§ 151. Carbon unites with oxygen alone in only two proportions, 
carbonic occiJe, CO, and carbonic add, COg, both of which are gases. 

§ 152. Carbonic acid or carbonic anhydride (see § 148), the bin- 
oxide of carbon, CO.^, occurs in the free state in the air. In every 
10,000 volumes of air about 4 volumes are CO^ ; that is, COg forms 
about 0-04 per cent, of the atmosphere. It is given out of the 
earth into the air by active volcanoes, also from various springs 
and caverns. The breath and perspiration of animals at all 
times, the air given out by plants at night, decay, fermenta- 
tion, artificial burning of wood, coal, gas, &c. are all abundant 
sources of carbonic acid (see Chapter XVI.). Although the quantity 
of carbonic acid, CO^^, in the air is so small, it is nevertheless an 
essential constituent, because it is from the carbonic acid of the 
air that plants, and through them animals, derive certainly a large 
part, perhaps the whole of their carbon, 

§153. Carbonic acid, COj, may be prepared by the direct 
union of the two elements (§§ 15-20). If carbon is burnt in excess 
of air or oxygen (that is, if there be not less than 32 parts by 
weight of oxygen to 12 of carbon), the whole of the carbon is con- 
verted into COj. The same body (carbonic acid) occurs in com- 
bination with many metallic oxides, especially oxide of calcium 
and oxide of magnesium, forming natural carbonates : thus 

CaCOgSs limestone or chalk. 
MgCOg, CaCOgrrmagnesian limestone or dolomite. 

These natural carbonates form entire mountain-ranges, and 
therefore aflPord an immense store of carbon. Marble is a pure 
and natural crystalline form of carbonate of calcium. Chalk, the 
fossil remnants of shells, also consists mainly of the same salt. 
Calcareous, Iceland, or doubly refracting spar is the purest 
natural form of the same body. 
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§ 154. Carbonic acid is usually prepared by acting upon car- 
bonate of calcium with almost any acid. It is generally got by 
treating fragments of marble with dilute hydrochloric acid. The 
marble is placed in small lumps in a bottle, B (fig. 60), having 
two necks, and covered with water. Through one of the necks 

Fig. 60. 

A 




a tube (T) passes, opening beneath the surface of the water. 
Another tube (A) passes through the second neck and is open just 
below the cork through which it passes. Hydrochloric acid is 
poured down the tube T, whereupon the following reaction im- 
mediately commences : — 

+ CO,. 

Carbonic 



CaC03 + 2HC1 = CaCl, + 

Marble or oarbo- Hydrochlorio Chloride of 
nate of calcium. acid. calcium. 



H,0 

Water. 



acid. 



The carbonic acid may be collected at the end of tube A by dis- 
placement (being heavier than air), or at the pneumatic trough. 
The CaClj remains behind in the bottle B. 

§ 155. Carbonic acid has the density 22 (or compared with air 
1*517). Cold water dissolves about its own volume of the gas. 
When submitted, at a temperature of 0° C, to a pressure of 28 
atmospheres, carbonic acid is converted into a transparent liquid. 
If a quantity of liquid carbonic acid be allowed to evaporate, so 
much heat is suddenly absorbed, by the vapour of the evaporating 
portion, from the residual portion, that the latter becomes solid. 

§ 156. Carbonic acid has a slightly pungent sweetish taste. 
When breathed in the pure state it quickly produces death by 
suffocation ; mixed in small quantities with the air, it acts as a 
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narcotic ; in still smaller quantities its action is harmless. As 
wo shall see in Chapter XVI., it occurs in the breath of animals, 
and its formation in their lungs is essential to their life^ and is 
one of the objects of their breathing. A solution of it in water 
saturated under pressure is often substituted for " Soda-water." 
It is found in bread, beer, and sparkling wines, being a product 
of fermentation — also in foul pits, being a product of decay 
(§ 134, note). 

§ 157. Carbonic acid does not support combustion. Burning 
carbon, sulphur, wood, phosphorus are extinguished by it ; and it 
has been used to extinguish fires, especially in coal-mines. 
Carbonic acid may be decomposed by heating in it a piece of the 
metal potassium. Oxide of potassium is formed^ and carbon is 
set free. 

§ 158. Carbonic acid, CO^, unites directly with metallic oxides 
or hydrates, and forms carbonates. It is thus immediately 
absorbed by hydrate of potassium, 2KH0, forming K^COg, carbo- 
nate of potassium. With " lime-water," that is, a solution of 
hydrate of calcium, CaOH^O, carbonic acid forms a white preci- 
pitate of carbonate of calcium, CaCOg, which is insoluble in 
water. This reaction is almost peculiar to CO^, and is the most 
usual test for it. All carbonates are insoluble, with the exeeption 
of the carbonates of the alkalies (potassium, sodium, and am- 
monium). 

§ 159. Carbonic acid is expelled from a carbonate by any acid 
which forms a soluble salt with the base of the carbonate. Car- 
bonic acid is therefore sometimes regarded as a **weak" acid. 
Its solution in water, however, plays a very important part in 
nature, on accoimt of the power it enjoys of dissolving almost 
all rocks. In fact compounds the most insoluble in water are 
slightly dissolved if the water contain carbonic acid. This solvent 
power of COj is of great importance to vegetable life ; the surfaces 
of rocks become "weathered" or softened, so that the roots of 
plants can absorb the mineral constituents needed by them. We 
shall see in Chapter XVII., especially, that carbonates insoluble* 
in water are soluble in carbonic-acid water. 
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§ 160. Carbonic oxide, CO. — ^When carbonic acid is passed over 
red-hot carbon, carbonic oxide is formed, according to the equation 

CO, + C = 2C0. 

Also, if carbonate of calcium (chalk) and iron-filings are heated 
together, 

4CaC03 + 3Fe = 4Ca0 + FogO, + 4C0. 

Further, when a certain acid found in plants and called oa^alic 
acid is heated, it is separated into carbonic acid, carbonic oxide, 
and water ; thus : — 

H,C,0, = CO, + CO + H,0. 

Oxalic acid. 

This reaction takes place with greater ease if some body having 
a strong affinity for water is present. Oxalic acid is heated in a 
flask with strong sulphuric acid, which withdraws the water and 
allows the mixture of carbonic acid and carbonic oxide to escape. 
The former of these is withdrawn by means of hydrate of potas- 
sium, which combines with it, forming carbonate of potassium 
and leaving the carbonic oxide pure. 

§ 161. Carbonic oxide is a colourless gas. It consists of one 
volume (hypothetical) carbon vapour weighing 12, united with 
1 volume of oxygen weighing 16, without contraction. It» 

density is therefore — ^ — or 14 (compared with air 0*965). 

§ 162, Carbonic oxide is an active and violent poison; and to 
it is attributable the injurious effect which follows breathing 
the air of a room without a chimney, in which an open charcoal 
fire is burning. Carbonic oxide bums in the air when heated, 
and forms carbonic acid. It burns with a blue flame, which may 
be often seen round the glowing embers of a charcoal fire. Car- 
bonic oxide combines with the subchloride of copper, CuCl, to 

form a compound, 

2Cua, CO, 2H,0. 

It unites with potassium and forms 

KCO. 



I 
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Heated with hydrate of potassium it forms formate of potassium. 
Hydrate of potaawum + Carbonic oxide=Formate of potassium. 
KHO + CO = KHOO,. 

The formation of these hodies, and its conversion into carhonic 
acid when burnt, distinguish carbonic oxide from other gases. 

Combinations of Carbon with Hydrogen, 

§ 163. A great many animal and vegetable substances which 
contain carbon and hydrogen, give up when heated a portion of 
those elements in union with one another — ^that is, as ** hydro- 
carbons." The number of proportions in which carbon and 
hydrogen unite with one another, even when no other element is 
present (that is, the number of hydrocarbons), appears to be almost 
unlimited ; no other two elements imite in such various proportions 
or give rise to such a variety of different compounds. Many scores 
of such bodies are known ; some of them are solid, some liquid, 
and some gaseous. When organized matter is heated, the hydro- 
carbons formed are generally various. 

§ 164. Olefiant gas, C^H^, also called *' heavy carhuretted hy- 
drogen ^ or ethylene — ^When alcohol is heated with some body 
having a strong affinity for water, such as chloride of zinc, ZnCl^, 
or sulphuric acid, the alcohol is decomposed into water and 
olefiant gas. Alcohol, which is spirits of wine from which the 
physically mixed water has been removed, still contains the 
elements of water ; its empirical (§ 45) formula is CgHgO. If 
sulphuric acid and alcohol be heated together to a temperature of 
about 160° C, the following decomposition takes place : — 
Alcohol -I- Sulphuric acid = Ether -|- Water -|- Sulphuric acid. 

2(CA0)-f H^SO, =2C,H„0+ H,0 + H,SO, 

The body 2Q^^, is the liquid known as ether or " sulphuric 
ether." In other words, at the above temperature only one 
equivalent of water is separated from two equivalents of alcohol. 
At a higher temperature every molecule of alcohol is decomposed, 
giving up water : — 
Alcohol + Sulphuric acid = Olefiant gas -f Water + Sulphuric acid. 

C,H,0 + H,80, = CA + H.0 + H,SO, 
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Besides the C^H^ there is also found at the same time some 
COg and SO^. Both these bodies being acids may be sepa- 
rated from the olefiant gas by passing the gaseous mixture 
through hydrate of potassium ; any vapour of ether which gene- 
rally accompanies it having been absorbed by means of strong 
cold sulphuric acid. The arrangement conveniently adopted to 
prepare the gas on a small scale is seen in fig. 61. Flask F 
contains a mixture of alcohol and sulphuric acid made into a 
paste with sand (to prevent frothing). The gas from F is first 
led, by means of the tubes B and A, through the "wash-bottle'' 
G, containing strong sulphuric acid, into which the end of the 

Fig. 61. 




tube A dips. After giving up any vapour of ether in G, the gases 

pass by means of the tubes C and D into a solution of hydrate of 

potassium in the second wash-bottle, E. In E the 80^ and CO.^ 

are kept back, and the purified olefiant gas is finally delivered 

through tube H. It may be collected over water or mercury. 

§ 165. Olefiant gas consists of two volumes of carbon vapour 

(each weighing 12) united to four volumes of hydrogen (each 

weighing 1), and condensed to two volumes. The density of the 

2x12-1-4 
gas is therefore ^ or 14 (compared with air 0*965). 100 

volumes of water at 0° C. dissolve about nine volumes of the gas. 
Olefiant gas may be liquefied by very great pressure. It is 
colourless^ and has a sweet taste. 
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§ 166. When a light is applied to defiant gas as it issues into 
the air, it takes fire and bums with a bright white light, owing 
to the carbon (which the gas contains in abundance) being 
heated white-hot by the cojnbustion of the hydrogen (see Chapter 
XV., Flame). The gas used for illuminating-purposes, and 
which is obtained by heating coal, wood, oil, &c. in closed vessels 
(gas-retorts), owes its illuminating power in a great measure to 
the defiant gas which it contains. Ordinary coal-gas contains 
about 4 per cent, by volume of defiant gas. 

§ 167. Olefiant gas unites directly with chlorine, bromine, and 
iodine, forming bodies of the composition 

CACl,, G,KfiT„ C,HJ»- 

The first of these, C^H^Clg, is a colourless liquid, insoluble in 
water, and considered therefore by its discoverers to resemble oil. 
Hence the name, oil-producing or olefiant gas, which Cfi^ 
retains. In order that olefiant gas and chlorine may unite, they 
are led in the moist state into a large globe of glass, which is 
exposed to the sunshine. The two gases then unite and form the 
liquid compound, which is purified by washing with water and 
rectification. Olefiant gas also unites with bromine when the 
gas is led into the liquid element. The result in this case is also 
a colourless liquid. When olefiant gas is led over iodine kept at 
a temperature of 60° C, combination ensues and a white crystal- 
line solid is formed, which is insoluble in water, but soluble in 
alcohol. Bodies are known having the composition of olefiant 
gas, united with oxygen and hydrogen; but the gas does not 
unite directly with these elements. 

§ 168. Olefiant gas is absorbed by faming sulphuric acid (a 
mixture of H^SO^ and SOg). This property and the above-men- 
tioned reactions with chlorine serve to distinguish it from most 
other gaseous hydrocarbons. Olefiant gas is also gradually 
absorbed by sulphuric acid alone, H^SO^. On diluting and 
distilling the solution, the olefiant gas resumes water and is 
reconverted into alcohol. 

§ 169. Marsh-gas, CH^, or " light carburetted hydrogen."— 
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Vegetable matter, when undergoing spontaneous decomposition in 
the moist state, gives off a portion of its carbon in union with 
hydrogen in the form of CH^. The bubbles which rise on 
disturbing stagnant ponds on whose bottom vegetable matter is 
rotting, consist almost entirely of marsh-gas, whence the name 
which the gas bears. The great masses of vegetable matter 
which have been buried in the earth and which form coal, have 
given up a portion of their carbon as marsh-gas. This gas is 
often retained in a state of compression in the seams of coal ; and 
the latter, when broken by the miner, give out the gas in large 
quantity. This gas, as it is formed in the coal-mine, is known 
by the name of " firedamp." Like the preceding gas, marsh-gas 
or firedamp bums when mixed with oxygen and heated. Hence 
it sometimes happens that the fiame of the miner's lamp ignites 
the mixture of atmospheric air and firedamp in the mine, 
causing disastrous explosions (see Chapter XV., Flame). The 
products of the combustion are, of course, carbonic acid and 
water ; the former is often produced in such large quantity as to 
suffocate those who have escaped the first explosion of the fire- 
damp. The carbonic acid so formed is knovm as " chokedamp.'' 
§ 170. Marsh-gas is prepared in a state of purity by heating 
acetates with alkalies. Acetic acid, which is the acid of vinegar, 
is a compound of carbon, oxygen, and hydrogen. It is derived 
from alcohol by the replacement of a portion of the hydrogen of 
the latter by oxygen. This is, in fact, the change which takes 
place when wine, beer, &c. turn sour in the process of vinegar- 
making. 

C^,0 + 0, = H,C,0, + H,0. 

Alcohol. Oxygen. Acetic acid. Water. 

The acetic acid, H^C^Oj, may have its first equivalent of hydrogen 
replaced by a metal, and forms thereby an acetate ; thus KHgC^O^ 
is the acetate of potassium. When acetate of potassium is heated 
with hydrate of potassium, it is decomposed into carbonate of 
potassium and marsh-gas ; thus : — 

KHgC.O, + HKO = K,C03 -h CH,. 

Acetate of Hydrate of Carbonate of Marsh- 

potasiium. potassium. potassium. gaa. 
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§ 171. Marsh-gas is colourless and tasteless ; it results from 
the union of 1 vol. of carbon vapour weighing 12, with 4 vols, of 
hydrogen, each weighing 1, condensed to 2 vols. The specific 
gravity or density of marsh-gas is therefore 8 (compared with air 
0*5517). When heated in the air, marsh-gas bums with a 
bluish flame of feeble luminosity ; if previously heated, its light 
is much more brilliant and becomes yellow. Marsh-gas is one of 
the chief constituents of coal-gas, which contains about 40 per 
cent, of it. 

§ 172. There is no good test for marsh -gas. It is usually 
detected and estimated in gaseous mixtures by determining the 
quantities of carbonic acid and water which are formed when a 
given volume of the gas is completely burnt. 

Compound of Carbon with Nitrogen, 

§ 173. Cyanogen, CN. — This body cannot be here closely ex- 
amined, although its compounds are numerous and important 
The two elements, carbon and nitrogen, when united in the above 
proportion, form a group which behaves very much as a single 
element, and closely resembles, chemically, chlorine, bromine, and 
iodine (see Chapter IX.). For this reason a distinct name and 
symbol is generally given to it. 

Cyanogen = CN = Cy. 

§ 174. When animal matter, rich in nitrogen, as leather, horn, 
&c., is heated red-hot with carbonate of potassium and metallic 
iron, a complicated reaction takes place, resulting in the for- 
mation, amongst other products, of a compound of potassium, 
iron, and cyanogen, which is obtained on treating the cold mass 
with water and crystallizing. This body has the composition 

4KCy, FeCy, ; 6Hp or K.FeCy^, 6Kfi, 

and is known in commerce as the " yellow prussiate of potash," 
or ferrocyanide of potassium. It is manufactured on a large 
scale, being the source of "prussian blue," and is extensively 
used in dyeing. The water which the crystallized salt contains 
may be removed by heat. 
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§ 175. If the ferrocyanide of potassium be fused with carbo- 
nate of potassium, it is wholly converted into cyanide of potas- 
sium and carbonate of iron, according to the equation 

K.FeCy, + KJCO^ = 6KCy + ^0003. 

Ferrocyanide Carbonate of Cyanide of Carbonate 

of pota88iam. potassium. potassium. of iron. 

The fused cyanide of potassium is poured off from the subsided 
carbonate of iron upon a cold surface, whereupon it solidifies into 
a marble-like mass. It may be purified by solution in alcohol. 
Cyanide of potassium is a powerful poison ; it is extensively used 
in photography. It is employed largely in the laboratory as a 
" reducing agent," having at high temperatures a great affinity 
for oxygen, which converts it into the cyanate of potassium, 
KCyO. 

§ 176. When cyanide of potassium is treated with sulphuric 
acid, hydrocyanic acid, also called prussic acid, is obtained. 

2KCy + H,SO, = K^SO, + 2HCy. 

Hydrocyanic acid, HCy, is a transparent gas, which may be 
condensed by cold or pressure into a transparent liquid. Hydro- 
cyanic acid dissolves very abundantly in water. The acid itself, 
and all soluble cyanides, are violent poisons, and are used in 
small doses in medicine. 

§ 177. Cyanogen itself is obtained from the cyanide of mercury 
by heat. The salt is decomposed into mercury and cyanogen. 

HgCy, = Hg -h 2Cy. 

In this decomposition a part of the cyanogen undergoes a change, 
being converted into " paracyanogen," a body which has the same 
chemical composition as cyanogen, but different physical proper- 
ties, being a fixed solid. Cyanogen is a colourless gas of peculiar 
suffocating smell, and is very poisonous. 100 volumes of water 
dissolve about 400 volumes of cyanogen. Cyanogen consists of 
1 vol. of carbon weighing 12, united to 1 vol. of nitrogen 
weighing 14, the whole condensed to 1 volume. Its density is 
therefore 12-1-14 or 26 (compared with air 1*79) . Cyanogen 
may be burnt in the air, and gives a purple fiame ; the carbon 
only bums. 
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CHAPTER IX. 

Chlorine and its compounds with the pbeceding elements. 

Si/mbol, CI. Equivalent, 35*5. Density, 35*5 (compared with 
air 2-448). 

§ 178. Chlorine exists abundantly in the sea as chloride of 
sodium, NaCl (common salt), chloride of magnesium, MgCl^, 
&c., — and in a few minerals as chloride of silver, AgCl, &c. 
Masses of mineral salt, rock-salt, are also found in the earth, 
having been probably deposited from sea-water. Chlorine is 
never found in the free state in nature. This is owing to its 
great affinity for hydrogen and the metals. Its affinity for 
hydrogen is so great that it will expel oxygen from water in 
order to combine with its hydrogen. Hence, owing to the 
universal distribution of water, chlorine is never found in the 
elementary state. 

§ 1 79. Chlorine unites with all the known elements (excepting 
perhaps fluorine, see Chapter XI.), forming chlorides ; and it is 
from some of these chlorides that chlorine itself may be procured. 
Some metallic chlorides when heated give up the whole or part 
of their chlorine. Others will bear a red heat without decom- 
position; other metallic chlorides are volatile without decom- 
position. 

§ 180. The readiest way of preparing chlorine is by removing^ 
the hydrogen from the chloride of hydrogen, HCl, or hydro- 
chloric acid. Hydrochloric acid is formed, as we shall see (§ 192), 
when chloride of sodium, NaCl, and sulphuric acid act upon one 
another, 

2NaCl + H,SO, = Na,SO^ + 2HC1, 

the products being sulphate of sodium and hydrochloric acid. 
The HCl dissolves in water and forms what is known as " spirit 
of salt," " muriatic acid," or hydrochloric acid. If hydrochloric 
acid be brought into cod tact with certain bodies containing 
abundance of oxygen, it loses hydrogen, and the chlorine is 
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liberated. Binoxide of manganese, MnO^, as we have already 
learnt (§ 76), is such a body ready to give up a part of its oxygen. 
On warming hydrochloric acid and binoxide of manganese 
together, the following reaction takes place : — 

4HCa + MnO, = 2Efi + MnCl, + 2C1. 

There are therefore formed water, chloride of manganese, and 
chlorine. 

§ 181. Instead of hydrochloric acid and binoxide of manganese, 
we may employ a mixture of chloride of sodium, sulphuric acid, 
and binoxide of manganese, because the first two of these give rise 
to sulphate of sodium and hydrochloric acid (according to the first 
equation in § 180), which latter acts upon the binoxide of 
manganese (according to the second equation in § 180). The 
whole reaction in this case may be represented thus : 

2]S'aCl + MnO, + 2(R^m^) = MnSO, + I^a,SO, + 2Kfi + 2a. 

Chloride of Binoxide of Snlphnric Sulphate of Sulphate of Water. Chlo- 
sodimn. manganese. acid. manganeBe. sodium, rine. 

In order to remove traces of hydrochloric acid which accompany 
the gas, the chlorine is made to bubble through a wash-bottle 
containing water. If it is required dry, it passes through a 
second similar wash-bottle containing sulphuric acid. Chlorine 
dissolves in, and gradually decomposes water ; and it immediately 
combines with mercury. It cannot, therefore, be collected over 
either of these liquids ; but being more than twice as heavy as 
air, it may be collected by downward displacement. 

§ 182. Chlorine may be obtained in the liquid form by sub- 
jecting it to great pressure or great cold. At 16° C it becomes 
liquid under a pressure of 4 atmospheres, and then appears as a 
yellow liquid of the density 1*3. 

§ 183. The properties of chlorine are very well marked. A 
greenish-yellow gas of peculiar penetrating smell, it acts injuriously 
upon the respiratory organs even when largely diluted with air, in a 
pure state producing instant suffocation. It dissolves readily in 
water, which at ordinary temperatures takes up between two and 
three volumes of the gas, producing a solution called chlorine- 
water. It combines directly and eagerly with most metals, 



s 
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giving rise to chlorides, tke foimation of which is often attended 
by light. 

§ 184. When in the free state it is detected by the power it has 
of expelling iodine from iodides (see §§ 207-208), and by the blue 
colonr which the so liberated iodine imparts to starch. Bromine 
and some of the oxides of nitn^n, however, enjoy the same 
property as chlorine in this respect. If chlorine be shaken up 
with water containing zinc in a finely divided state, the zinc 
unites with the chlorine and forms chloride of zinc, ZnCl^, which 
is soluble in water. If this chloride of zinc be treated with 
nitrate of silver, AgXOj, nitrate of zinc and chloride of silver 
are formed. 

ZnCl, + 2AgN0, = Zn2N03 + 2AgCl. 
The latter body, chloride of silver, is a white curdy body, in- 
soluble in water, insoluble in nitric acid, but easily soluble in 
ammonia. 

§ 185. Chlorine is largely employed as a bleaclung agent. 
Flowers and most vegetable colours, exposed to the action of 
chlorine, become white. As a bleaching agent, free chlorine is 
usually employed as a solution in water. Chlorine is also em- 
ployed in the manufacture of " bleaching powder " and " disin- 
fecting powder." These important substances are obtained by 
passing chlorine over lime, magnesia, &c. ; and that got when 
lime is used is called chloride of lime. 

2CaO + 4C1 = CaCl,, CaCl,0,. 

Lime. Chlorine. Bleaching powder. 

The composition of bleaching powder is therefore that of a feebly 
united double salt, chloride of calcium, CaCl^, united with 
CaCljOg, which, as we shall see immediately (§ 188), is hypo- 
chlorite of calcium. The empirical formula of bleaching powder 
may be, and often is, written CaOCl^, which expresses the same 
ratio between the elements as the above rational formula. When 
bleaching powder is exposed to the air, the carbonic acid of the 
air gradually decomposes the hypochlorite of lime, forming car- 
bnnate of calcium, and setting free hypochlorous acid. 

CaCl^O, -I- CO, = CaCO, + Clfi. 
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The latter product, hypochlorous acid, Cl^O, destroys many kinds 
of organic matter (colouring-matter, miasma) — its oxygen forming 
carbonic acid with the carbon thereof, and the chlorine forming 
hydrochloric acid with the hydrogen. 

§ 186. All chlorides are soluble in water, excepting AgCl, 
PbCl,, and flgCl. 

Compounds of Chlorine with Oocygen, 

§ 187. There are three anhydrous oxides of chlorine : — 

CljjO, anhydrous hypochlorous acid ; 

Cl^Og, anhydrous chlorous acid ; 

ClOjj or ClgO^, peroxide of chlorine. 

The first two of these form hydrogen acids, as do also two higher 

oxides; thus: — 

HCIO, hypochlorous acid ; 

HClOjj, chlorous acid ; 
HCIO3, chloric acid ; 
HCIO4, perchloric acid. 
Of these five oxides and acids we need only consider (1) Cl^O 
and HCIO, (2) HCIO3, (3) HCIO,. 

§188. Hypochlorous add, Cl^O, is prepared by passing dry 
chlorine over dry oxide of mercury which is kept cold ; thus : — 

HgO + 4C1 = HgCl, + Cl^O. 
Hypochlorous acid is a deep-red liquid, easily decomposed by 
heat, and then violently exploding. It boils at 24° C and 
mixes in all proportions with water. A solution of it in water 
may be easily made by passing chlorine into cold caustic potash 
(hydrate of potassium), carbonate of potassium, phosphate of 
potassium, &c. ; thus : — 

KHO + 2C1 = KCl + HCIO. 
On gently warming, the HCIO passes over, and may be collected 
in water. 

§ 189. Chloric add, HCIO3. — If chlorine is passed into a hot 
concentrated solution of hydrate of potassium, the chlorine com- 
bines with the potassium, partly as chloride, partly as chlorate. 
6KH0 -I- 6C1 = 5KC1 -|- KCIO3 -h 3H,0. 
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The chlorate of potassium being less soluble in water than the 
chloride, separates out as white tabular crystals. Chlorate of po- 
tassium is the only important salt of chloric acid. It is often 
used as an oxidizing agent, on account of the readiness with which 
it parts with oxygen. Thrown into warm strong sulphuric add 
it explodes with violence, because the liberated chloric acid can 
only exist without water at a low temperature. A dilute solution 
of chloric acid may be got by adding sulphuric acid to a solution 
of chlorate of barium. The sulphate of barium which is thereby 
formed is insoluble and sinks down ; the solution of chloric acid 
may be decanted therefrom. All chlorates are soluble in water. 
§ 190. Perchloric add, HCIO^, is got, in combination with oxide 
of potassium, by heating chlorate of potassium until only a portion 
(f ^^ i) ^^ ^^ oxygen is expelled ; thus: — 

2KCIO3 = KCl + KCIO, + 20. 

The residue, consisting of a mixture of chloride of potassium and 
perchlorate of potassium, is treated with a little cold water, which 
dissolves the chloride of potassium. The perchlorate is finally 
purified by recrystallizing it from boiling water. Perchloric acid 
in combination with water may be prepared by treating per- 
chlorate of barium with sulphuric acid. It is much more stable 
than chloric acid. 

Combination of Chlorine with Hydrogen, 

§ 191. Hydrochloric acic?, HCl, also called muriatic acid or 
chlorhydric acid. — This important body may be formed by the 
direct union of its elements. If equal volumes of chlorine and 
hydrogen be heated red-hot or exposed to the direct sunlight 
(sunshine), they combine completely and with explosive violence, 
giving rise to hydrochloric acid, HCl, which, when obol, occupies 

the same volume as the original gases. The density of hydro- 

35*5 4-1 
chloric acid is therefore — ~L__ or 18*25 (compared with air 

1-258). Even diffose daylight and artificial light effect, accor- 
ding to their intensity, the more or less rapid formation of hydro- 
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chloric acid out of its elements, and a mixture of equal volumes 
of the gases has been used as a photometer* or light-measurer. 

§ 192. Hydrochloric acid, however, is more conveniently pre- 
pared by treating chloride of sodium with sulphuric acid ; the 
reaction which takes place varies according to the relative quan- 
tities of the substances employed. 

2NaCl + H,SO, = Na,SO, + 2HC1. 

Chloride of Sulphorio Sulphate of Hydrochloric 
sodium. acid. sodium. acid. 

Or, if half the quantity of chloride of sodium is employed, 
NaCl + H,SO, = HNaSO^ + HCl. 

Acid sulphate 
of sodium. 

The second of these reactions is the one generally used in the 
laboratory; it requires little or no aid from heat. The first is 
employed in manufacture ; it requires a high temperature, but 
economizes the sulphuric acid. 

Sulphate of sodium is extensively employed in the manufacture 
of carbonate of sodium ; and it is from this manufacture that the 
hydrochloric acid of commerce is chiefly derived, according to the 
above equation. 

§ 193. Hydrochloric acid is a colourless gas, of suffocating acid 
smell ; it fumes in moist air, on account of its combining with the 
water therein. The gas is eagerly absorbed by water ; and the 
hydrochloric acid, or " muriatic acid," or *' spirit of salt " of com- 
merce is a solution of the gas in. water. Water at 4° C. absorbs 
about 470 times its volume of the gas ; 100 volumes of water 
dissolve 47,000 volumes of HCl. If this solution be boiled, it at 
first gives off the pure gas, but afterwards distils at about 112° C. 
The composition of the acid distilled depends upon the pressure 
to which it is subject during distillation. 

§ 194. Hydrochloric acid in solution attacks a large number of 
the metals (as iron, zinc, tin, aluminium), forming chlorides and 
evolving hydrogen. It also attacks, and generally dissolves, 

* Or more properly actinometer, " the actinic rays " being the name 
given to that part of light which in this and many other cases affects the 
chemical force. 
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metallic oxides, forming the corresponding chlorides and water, 

Zn -h 2HC1 = ZnCl, + 2H. ZnO f 2HC1 = ZnCl^ + H^O. 
Fe + 2HC1 = Fea, + 2H. CaO + 2HC1 = CaCl, + H^O. 
8n + 2HC1 = SnCL + 2H. SnO + 2HCi = SnCl, + HO. 

On this accoiint hydrochloric acid is often used in order to bring 
metals or their oxides into a state of solution previously to their 
examination. 

§ 195. Hydrochloric acid and soluble chlorides are detected by 
the formation of the insoluble chloride of silver when they are 
mixed with a soluble salt of that metal (§ 184). The chloride 
of silver is insoluble in all acids, but soluble in ammonia. 

Compounds of Chlorine with Carbon, 

§ 196. There will probably be found as many chlorides of 
carbon as there are hydrocarbons. They are usually got by the 
action of chlorine upon hydrocarbons, assisted by thelight of the sun. 

C,H„ -h 2nQ\ = QJ\ -|- nHCl. 

One part of the chlorine in such cases replaces the hydrogen, and 
another part of the chlorine unites with it. One may very often 
obtain an intermediate product in which only a part of the 
hydrogen is replaced ; thus : — 

C„H„ + nQ\ = C«H„C1,. + ^Cl, (fee. 

It is clear that there may be a very great many more of such 
chloro-hydrocarbons than there are of hydrocarbons alone. 

§ 197. Chlorine combines with carbonic axide in the direct 
sunlight, and produces a gas called phosgene gas, of which the 
composition is COCl^. Equal volumes of the gases unite, and 
they contract in doing so to one volume. The density of this 
gas is therefore 49't5 (compared with air 3*414). It is called 
also chlorocarbonic acid. When in contact with water it is 
decomposed into carbonic acid and hydrochloric acid. 

COCl, + H,0 = CO, + 2HC1. 

Compounds of Chlorine with Nitrogen. 
§ 198. Chloride of ammonium, NH^Cl, which consists of the 
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three elements, has heen already sufficiently descrihed under 
ammonia (§§ 133-145). If this body be submitted to the action 
of chlorine, some, perhaps all the hydrogen of the NH3 may be 
replaced by chlorine, and an oily, highly explosive body be ob- 
tained, the so-caUed chloride of nitrogen. 



CHAPTER X. 

Bromine and Iodine, and their compounds with the 

preceding elements. 

Bromine, 

Symbol, Br. Equivalent, 80. Density of vapour, 80 (compared 
with air 5*517). 

§ 199. Bromine is a widely distributed but by no means abun- 
dant element. It is found in nature as an insoluble bromide of 
silver, AgBr. But its chief source is the sea (which contains a 
very small quantity of it) and certain mineral springs (from which 
it is also sometimes extracted). In both cases it is found as 
bromide of magnesium, MgBr^, a very soluble salt ; so that when 
the less soluble salts, chloride of sodium, sulphate of magnesium, 
&c., have been separated by concentrating the brine, the bromine 
is found in the " mother-liquor " or liquid residue. 

§ 200. A current of CI is passed through the " mother-liquor " 
of sea- water ; the chlorine forms chloride of magnesium with the 
magnesium, expelling the bromine, which dissolves in the water, 
deepening it in colour. The aqueous solution is then agitated 
with ether, which dissolves the bromine and rises with it to the 
surface of the liquid. The etherial solution is then decanted and 
shaken with a solution of hydrate of potassium. The bromine 
combines with the potassium partly as bromide, and partly as 
bromate of potassium, 

6Br + 6KB0 =» 5KBr + KBrOg + 3H,0, 

h2 
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both of which dissolve in the water, while the ether is decolonrized, 
and may be again employed for a similar purpose. On evaporating 
the aqueous solution of KBr and KBrOg to dryness, and heating, 
the KBrOj parts with the whole of its oxygen, 

KBrO, = KBr + O3, 

80 that the residue consists entirely of KBr, This salt, the 
bromide of potassium, is used extensively in photography, and 
also in medicine. From bromide of potassium, bromine may be 
prepared by a method quite similar to that employed (§ 181) in 
the preparation of chlorine, thus : — 

2KBr + MnO, 4- 2(H^S0 J = K,SO, + MnSO, + 2H,0 + 2Br. 
The bromine passes over as a reddish-black liquid of extremely 
pungent smell. Its density is about 2*96. It boils at 63° C, and 
freezes at — 7° C. Exposed to the air, it evaporates, giving a red 
vapour. 

Combination of Bromine with Oxygen. 

§ 201. Bromic add, Br^Og (only known in combination). — The 
most important oxide of bromine is bromic acid, Br^O^, corre- 
sponding with chloric acid. Bromate of potassium is prepared in 
a way precisely similar to that used to make chlorate of potassium 
(§ 189), which body it closely resembles — ^namely, by treating 
a hot solution of hydrate of potassium with bromine. The free 
acid dissolved in water is formed by treating bromate of barium 
with sulphuric acid. Its formula is BLBrOg. 

Combination of Bromine with Hydrogen. 

§ 202. Hydrobromic acid, HBr. — This body cannot be formed 
similarly to hydrochloric acid, because, if a bromide is treated 
with strong sulphuric acid, bromine is set free, and part of the 
sulphuric acid is reduced to sulphurous acid ; thus : — 

2KBr + 2H,S0, = K,SO, + 2H,0 + 2Br + SO,. 

It may be prepared in solution by precipitating the barium out 
of bromide of barium by means of dilute sulphuric acid. 

BaBr, + H,SO, = BaSO, + 2HBr. 

(insoluble.) 
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But it is best formed by decomposing the bromide of phosphorus 
(§ 274), PBrg, by water. 

Fig, 62 shows a convenient arrangement for this purpose. A 

Fig. 62. 




B 

glass tube, A £, is bent in the form of a letter "W. In the bend 
B are placed a few pieces of phosphorus, together with some 
poiinded glass and a little water. A little bromine is poured 
into the bend A ; the end D is then corked, and a gas-delivery- 
tube, C, fastened to the opposite extremity. On inclining the 
tube so that a little bromine runs from A into the bend B, it 
immediately unites with the phosphorus and forms PBrg, which, 
however, is instantly decomposed, by the water clinging to the 
pounded glass, into phosphorous acid and hydrobromic acid. 

PBr3 + 3H,0 = 3HBr + H3PO3. 

Hydrobromic acid is a colourless gas freely soluble in water. It 
consists of equal volumes of hydrogen and bromine vapour united 

without condensation. Its density is therefore — i— or 40*5 

(compared with air 2*79). 

§ 203. Free bromine is detected by the power it has of turning 
starch brown; if the bromine is present as a bromide, some 
chlorine gas must be added to set it free. Hydrobromic add and 
soluble bromides give an insoluble precipitate of bromide of 
silver when mixed with a solution of silver. 

KBr + Agl^Og = AgBr + KNO3. 

The bromide differs from the chloride of silver (§ 184) fii being 
very much less soluble in ammonia. Bromide of silver is decom- 
posed by chlorine, bromine being liberated. . Chloride of silver is, 
of course, unacted on by chlorine. 

§ 204. Bromine and chlorine unite when brought into contact, 
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and form a yellow liquid soluble in water. Other compounds of 
bromine with the preceding elements need not be considered. 

Iodine, 

JStjmhol, I. Equivalent, 127. Density of vajpour, 127 (compared 
with air 8-76). 

§ 205. Iodine occurs, in very minute quantity, in sea- water. 
Marine plants collect from the sea the salts containing iodine ; 
so that the ashes of seaweed contain iodine, chiefly as iodide of 
sodium. 

§ 206. The sun-dried seaweed is burnt in shallow pits at as 
low a temperature as possible ; the ash is called hel^p. This is 
treated with boiling water, and the soluble part, containing the 
iodine as iodide of sodium, is evaporated ; whereupon the less 
soluble salts crystallize out and are removed ; these are chiefly 
carbonate and sulphate of sodium, and chloride and sulphate of 
magnesium. The mother-liquor, containing Nal, is treated with 
sulphuric acid, and after standing some time is mixed with 
MnOg, and heated in a leaden retort. The reaction is quite similar 
to that attending the formation of chlorine (§ 181), namely, 

2NaI -h MnO, -f 2H,S0, = MnSO, + Na.SO, + 2H,0 + 21. 

The iodine distils over as a beautiful violet-coloured vapour which 
condenses in the receiver in brilliant purplish-black scales of an 
almost metallic lustre. 

§207. Iodine is insoluble in water, but it dissolves abun- 
dantly in a solution of iodide of potassium, as also in alcohol, 
ether, bisulphide of carbon, &c. Iodine has a not unpleasant 
faint smeU, similar to that of chlorine. It stains the skin of a 
yellow colour. Its density is 4*95 ; it melts at 113° C, and boils 
at 180° C, producing a deep-violet vapour. Iodine, as a solution 
in alcohol, and also as iodide of potassium, is a valuable medicine 
against glandular affections. Iodide of potassium is also much 
used in photography. Iodine combines with the same metals as 
chlorine and bromine combine with, but generally with a less 
amount of force than is exhibited by those elements. Chlorine 



BROMINE AND IODINE COMPOUNDS. 151 

and bromine, therefore, especially the former, almost always 
drive iodine out of iodides. 

§208. The test for iodine is very characteristic. The free 
element combines with starch, forming a blue colour. A very 
small quantity of iodine may be thus detected. If the iodine is 
in combination, it is first liberated by the addition of a little 
chlorine. Iodine also forms an insoluble compound with silver 
(the iodide of silver, Agl), if a soluble iodide is mixed with a 
soluble salt of silver. The iodide of silver is of a light yellow 
colour; it differs from the bromide and chloride of silver on 
account of its much less solubility in ammonia. It is decomposed 
on boiling with strong nitric acid. 

Combinations of Iodine with Oxygen, 
There are two chief oxides of iodine, both of which form acids: — 

Anhydrous iodic acid, I^O^ (?), Hydrated iodic acid, HIO3, 
Anhydrous periodic acid, 1^0^, Hydrated periodic acid, HIO^. 

§ 209. Iodic add, HIO3. — Iodic acid may be formed by boiling 
iodine with nitric acid. The iodine is thereby slowly oxidized to 
iodic acid, while the nitric acid is deoxidized, and escapes as 
gaseous lower oxides of nitrogen. On evaporating the solution 
the iodic acid crystallizes out. When required in large quantity, 
iodic acid is usually prepared by boiling iodine with a solution of 
chlorate of potassium and a very little nitric acid. The reactions 
may be best described by the following equations : — 



(1) 


HNO3 


+ KCIO3 = KNO, 


+ HCIO3, 


(2) 


ilClO, 


+ I = HIO, 


+ CI, 


(3) 


HIO, 


+ KCIO3 = jao. 


+ HC103, 


(2) or (4) 


HCIO3 


+ I = HIO, 


+ CI, 






&c. 


&c. 



The small quantity of nitric acid liberates a corresponding quan- 
tity of chloric acid (equation 1), which oxidizes some iodine to 
iodic acid, and gives up its chlorine (equation 2). The so- 
formed iodic acid reacts upon a fresh quantity of chlorate of 
potassium, forming iodate of potassium and liberating a fresh 
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quantity of chloric acid (equation 3), and so on. The small 
quantity of nitric acid is only necessary at first to start the 
reaction, and it afterwards remains inactive as nitrate of potas- 
sium. The result is that all the chlorine of the KCIO3 escapes 
as gas, and the iodine takes its place, being converted into KIO3. 
The iodate of potassium is then dissolved in water and mixed 
with chloride of barium, whereupon a difficultly soluble iodate of 
barium is formed. 

2KI0, + Baa, = 2KC1 + Ba2I03. 

The Ba2I03 separated from the soluble KCl is dissolved in boiling 
water and decomposed by the addition of exactly an equivalent of 
H,SO^. The result is that 

Ba2I0, + H,SO, = BaSO, + 2HIO3. 

BaSO^, an insoluble salt, is formed, together with HIO3. On 
filtering and evaporating the filtrate, the iodic acid, HIO3, is 
obtained. Iodic acid has not been got in the anhydrous state. 
As prepared above, it is a white crystalline solid, freely soluble in 
water. 

§ 210. Periodic acid, HIO^. — Periodate of sodium, NalO^, is 
obtained by passing chlorine through a hot solution of a mixture 
of iodate of sodium and carbonate of sodium. 

]Sra,C03 -h NaI03 + 2C1 = 2NaCl + CO, + NalO,. 

On cooling, the periodate of sodium crystallizes out. This being 
dissolved in HNO3 and treated with AgN03, 

NalO, + AgN03 = Agio, + NaNO,, 

periodate of silver is formed, and, being difficultly soluble, is pre- 
cipitated. The Agio, having been purified by crystallization 
from hot nitric acid, is treated with water, which decomposes it 
into a basic periodate and periodic acid, HIO^. 

4AgI0, + H,0 = 2HI0, -h AgJ,03. 

The basic periodate, Ag^I^Og, being insoluble, is left; the periodic 
acid is got by filtration and evaporation. Periodic acid, HIO^, 
melts at 130° C. ; on being further heated, it loses water and is 
decomposed. 



BROMINE AND IODINE COMPOUNDS. 153 

Combination of Iodine with Hydrogen, 

§ 211. Hydriodic acid, HI, is formed in the same manner as 
hydrobromic acid. Like the latter body, and for the same 
reason, it cannot be formed by treating an iodide with sulphuric 
acid. Hydriodic acid, HI, is prepared by placing in a tube, A 
(fig. 63), alternate layers of iodine, phosphorus, and wet pounded- 

Fig. 63. 




glass. On gently warming the tube, the iodine and phosphorus 
unite, forming iodide of phosphorus (§ 275), which is imme- 
diately decomposed by the water into phosphorous and hydriodic 
acids, 

PI3 + 3H,0 = H3PO3 + 3HI, 

the latter of which escapes through the tube B. 

§ 212. Gaseous hydriodic acid is a colourless gas which fiimes 
in moist air, owing to its meeting there with moisture with which 
it combines. It dissolves abundantly in water. It consists of 
equal volumes of hydrogen and of vapour of iodine, united with- 
out condensation ; its density is therefore — ^^ — or 64 (com- 
pared with air 4*414). Hydriodic acid is easily decomposed, 
even by the oxygen of the air and by mercury, especially in 
bright light. 

§ 213. The combinations of iodine with other of the preceding 
elements are of less importance. Iodine is not known in combi- 
nation with carbon alone. It forms with nitrogen, or nitrogen 
and hydrogen, a solid black body, which, when dry, explodes on 
the slightest touch, and which is probably similar to the chloride 
of nitrogen (§ 198). The iodide of nitrogen is got by treating 

H 5 
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iodine with a solution of ammonia. A part or all of the hydrogen 
i3 thereby forthwith removed and replaced by iodine. 

NH3 H- 61 = NI, H- SHI, or 
NH3 + 41 = NHI, + 2HI. 

Two chlorides of iodine are known. K chlorine be passed over 
iodine, the iodine melts, and is converted into a brown liquid con- 
sisting of ICl, which dissolves in water. The same body is formed 
when dry iodine and chlorate of potassium are heated in a retort. 

KCIO3 + 21 = KIO3 + ICl. 

If excess of chlorine be passed over iodine or protochloride of 
iodine, the latter is converted into the terchloride of iodine, ICI3, 
a bright orange-yellow solid body, soluble in water. 

Comparison between Chlorine, Bromine, and Iodine. 

§ 214. These three elements form a well-defined group, no less 
remarkable for the dissimilarity of its members to other elements 
than for the manner in which they resemble and dijffer from one 
another. They all unite directly with metals, and form neutral 
salts, hence they are sometimes called halogens. They are always 
found together in nature. They all form more or less insoluble 
salts with lead, mercury, and silver, and with no other metals. 
They are similar and peculiar in smell ; they are soluble in the 
same media ; they combine with almost all the other elements in 
the same numerical proportions. In fine, if any compound con- 
taining any one of the three is known, we may look with almost 
perfect assurance for the existence or discovery of similar com- 
pounds containing each of the others. 

They differ from one another chemically more in degree than in 

kind ; and bromine is, so to speak, the chemical mean between 

chlorine and iodine. Thus, iodine being a solid and chlorine a 

gas, bromine is a liquid, and the equivalent of bromine is nearly 

exactly half the sum of the equivalents of chlorine and iodine. 

Cl= 35-5 
1 =127 

2 )l62'5 

81-25 Bromine =80. 
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If the chloride of a metal is more soluble in water or any other 
medium than the bromide, then the bromide is more soluble than 
the iodide, and vice versa. Chlorine expels bromine and iodine 
from combination with metals ; bromine expels iodine, &c. 

The body which most closely resembles the halogens is the 
compound body cyanogen, CN (see §§ 173 et seq.), and, in some 
respects, fluorine. 



CHAPTEK XI. 

Pltjorine and its compounds with the preceding elements. 

Symbol, Fl. Equivalent, 19. Density, 19 (compared with air 
1-310). 

§ 215. Fluorine is not well known in the separate state, on 
account of the energy with which it combines with other 
elements. It is believed to be a permanent gas of yellowish- 
green colour. Fluorine occurs in nature chiefly combined with 
calcium — as fluor-spar or Derbyshire spar, which is fluoride of 
calcium, CaFl^. It is also found in small quantities in some 
other rocks (such as cryolite), in bones, and especially in the 
enamel of teeth. 

Combination of Fltwrine with Oxygen, 
§ 216. No oxides of fluorine are known. 

Combination of Fluorine with Hydrogen. 

§ 217. Fluoride of hydrogen, HFl, or hydrofluoric acid, is ob- 
tained from fluoride of calcium on treating it with sulphuric 

acid. 

CaFl, + H,SO, = CaSO, -|- 2HF1. 

Owing to the affinity of fluorine for silicon, which exists in all 
glass, porcelain, &c., vessels of these substances cannot be used 
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for the preparation of hydrofluoric acid. The acid is generally 
made in vessels of lead, upon which metal hydrofluoric acid has 
little action. Fig. 64 shows a convenient arrangement. The 
vessel V is a cylinder of lead closed at the bottom. Its upper 



Fig. 64. 





edge, T, is double, so as to form a trough running round the 
vessel. Into this circular trough fits the edge of the leaden cap 
C, bearing the leaden tube P. In V powdered fluor-spar and 
strong sulphuric acid are placed and mixed. The cap C is put in 
its place, and the trough T filled with sulphuric acid. X shows 
the arrangement of the trough and edge of the cap. On warming 
V, hydrofluoric acid escapes by the tube P, and may be condensed 
in the nearly anhydrous state, or absorbed by water held in a 
platinum, silver, or gutta-percha vessel at the extremity of P. 
To obtain the acid in the perfectly anhydrous state, it is distilled 
in a platinum retort from anhydrous phosphoric acid, PjOg. 

§ 218. Anhydrous HFl is a colourless liquid, having the 
density of 1*3, and boiling at 30° C. It fumes in the air, and 
mixes with water in all proportions, combining with that body 
with great violence. 

§ 219. Hydrofluoric acid and fluorides are detected by the 
power which the free acid has of attacking glass and other 
silicates. This is owing to the aflSnity of the fluorine for the 
silicon of such bodies. The substance under examination is pow- 
dered and warmed in a platinum vessel with strong sulphuric 
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acid. There is held over the mouth of the vessel a plate of glass 
partly covered with wax. The liberated acid eats away or 
etches the exposed portion of the glass ; so that when the wax is 
removed, those parts of the glass are found to be dull. The 
action may be represented thus :— 

SiO, + 4Hri = SiM, + 2H,0. 

The tetrafluoride of silicon being a gas, escapes from the surface 
of the glass as it is formed thereon (see Silicon, §§ 291-294). 

§ 220. The fluorides of Mg, Ca, Ba, and Pb are insoluble in 
water. Solutions of these metals accordingly give precipitates 
with solutions of soluble fluorides, including hydrofluoric acid and 
fluoride of silver, which is soluble. 

Compounds of fluorine with other preceding elements need not 
be described. 



CHAPTER XII. 

SULPHTTR AND ITS COMPOUNDS WITH THE PRECEDING ELEMENTS. 

Symbol, S. Equivalent, 32. Density of vapour, 32 (compared 
with air 2-207). 

§ 221. Sulphur in the free or uncombined state is found in the 
neighbourhood of volcanoes. It is chiefly obtained from Sicily and 
South America. In combination with metals it forms sulphides, 
many of which are found in nature, forming minerals often em- 
ployed for the extraction of the metals which they contain. Such 
metallic sulphides are. 

Iron pyrites sulphide of iron. 

Copper pyrites .... sulphide of copper. 

Galena sulphide of lead. 

Zinc blende sulphide of zinc, &c. 

In combination with oxygen, and forming therewith an acid, 



» 
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sulphuric acid, it is found united with bases in rocks, as sulphate 
of calcium (plaster of Paris, gypsum, or selenite). It also occurs 
abundantly in the sea, and in many mineral springs, as sulphate 
of magnesium. In plants it is frequently found combined with 
carbon &c., especially in the natural order of the Cmciferae. 
Sulphur also forms an essential part of animals, being found in 
albumen, in the homy tissues, and in blood. It does not form an 
essential part of the air, but is often found in impure air, owing 
to the putrefaction of animal and vegetable matter containing it, 
also to the artificial burning of sulphurous coal. 

§ 222. Sulphur is generally prepared from the native sulphur 
by submitting it to distillation in earthenware retorts, whereby 
the rocky impurities are left behind ; the sulphur melts, boils, 
and condenses in the receiver. Before being used, it is generally 
subjected to another distillation from iron retorts. If the vapour 
of sulphur be allowed to enter a large cool room, the sulphur con- 
denses and soHdifies as a coarse semicrystalline powder called 
" flowers of sulphur." If the vapours are only sufficiently cooled 
to become Hquid, and the liquid is subsequently cast in moulds, 
it is called stick sulphur or " brimstone." Sulphur is also ex- 
tensively prepared by heating large heaps of copper pyrites partly 
exposed to the air ; the sulphur collects in the liquid form in 
cavities made in the heaps, and is thence tapped ojff. 

§ 223. Sulphur is capable of assuming different modifications 
or allotropic conditions, (a) Native sulphur, or such as has been 
crystallized from a solution in sulphide of carbon or sulphide of 
chlorine, has the density of 2*05 ; it is nearly transparent, and 
crystallizes in rhombic octahedra. (/3) Conmion brimstone (that 
is, sulphur which has solidified from a state of fusion) has a density 
of 1-98, and crystallizes in prisms, (y) When sulphur is heated 
it melts to an amber-coloured hquid ; if it be further heated, it 
deepens in colour and thickens. On still applying heat (which 
becomes latent), it deepens further in colour and thickens until it 
becomes almost black and sohd. At a still higher temperature 
it becomes again somewhat hquid. If it be now suddenly cooled 
by pouring it in a thin stream into cold water, it is found to he 
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converted into an amber-coloured transparent elastic solid. The 
above are the three chief modifications of the element sulphur ; 
they may be distinguished by the symbols S", S^, S'' respectively. 
If S^ be repeatedly melted and cooled, its colour gradually deepens, 
owing to the formation of a fourth modification, S*. Still other 
modifications of sulphur have been described ; but their existence 
is somewhat doubtful. All modifications may be converted into 
S* or S^ ; the forms S^ and S^ change spontaneously into S*. 

Sulphur melts at 114° C. and boils at 440° C. At this tempe- 
rature, and up to 482° C, it has the density of 96 (compared with 
air 6-62). At 1040° C. and above, its density is 32. The latter 
is the density of sulphur when, in chemical combination with 
gases, it forms gases. Sulphur is insoluble in water. It dissolves 
in alcohol, ether, bisulphide of carbon, &c. 

Combinations of Sulphur with Oxygen, 

There are seven oxides of sulphur, all of which form acids ; we 
need only consider two of the most common, namely, sulphurous 
and sulphuric acids. 

§ 224. Sulphurous acid, SO^. — When sulphur is ignited in the 
air, it bums with a pale blue flame and gives off a well-known 
suffocating smell. The only product of its combustion is an- 
hydrous sulphurous acid, SO^. If pure oxygen be passed over 
sulphur heated till it bums, pure sulphurous acid alone is formed. 
It is, however, more convenient to form sulphurous acid by de- 
oxidizing sulphuric acid. This is usually done by means of 
charcoal, or, when the gas is required quite pure, by means of 
copper. Copper turnings are heated in a flask with strong sul- 
phuric acid. A part of the sulphuric acid is decomposed, giving 
oxygen to the copper and escaping as sulphurous acid. The so- 
formed oxide of copper unites with some of the undecomposed 
sulphuric acid, giving rise to sulphate of copper ; thus : — 

Cu -h 2H,S0, = CuSO, + 2H^0 + SO,. 

§ 225. Binoxide of sulphur, sulphurous anhydride, or an- 
hydrous sulphurous acid, is a colourless transparent gas of 
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suffocating smell and nauseous taste. It dissolves very readily 
in water, 100 vols, of water dissolving 6880 vols, of gas at 0° C. 
It may be condensed into a colourless liquid, under the ordinary 
atmospheric pressure, at a temperature of — 10° C. ; at 15° C. it re- 
quires a pressure of 2 atmospheres for liquefaction. It solidifies 
at —76° C. Sulphurous acid consists of 1 vol. of vapour of sulphur 
weighing 32, united with two volumes of oxygen, each weighing 
16, and contracted to 2 vols. The density of SOjj is therefore 

?A2_^±^=32 (compared with air 2-207). 

§ 226. A solution of sulphurous acid in water acts as a bleach- 
ing agent ; and sulphurous acid gas, got by burning sulphur in the 
air, is largely employed as a bleaching agent for wooUen, silk, and 
straw. 

§ 227. Sulphurous acid combines with many metallic oxides, 
especially with those of potassium, sodium, calcium, <fec., and 
forms sulphites. Such sulphites are very similar in properties to 
the corresponding carbonates. Thus, when the carbonate of a 
metal is soluble, the sulphite is also soluble, and vice versd. 
Sulphurous acid expels carbonic acid from most carbonates, but 
is itself expelled by most other acids, as nitric, hydrochloric, &c. 
Sulphurous acid does not bum when heated in the air, and it 
quenches burning bodies. The general formula of a sulphite is 
MSOg as KgSOg. Sulphurous acid is recognized by its pecu- 
liar smell (that of burning brimstone) . Like carbonic acid, it 
is absorbed by alkalies and forms an insoluble salt with lime. 
It is detected by treating the body which contains it with zinc, 
water, and sulphuric acid ; the hydrogen to which these bodies 
give rise (§ 92) deoxidizes the sulphurous add completely, and 
combines with its sulphur to form the sulphide of hydrogen (see 
§ 236), a gas of offensive and peculiar smell, which blackens salts 
of lead, silver, copper, &c. The reaction is as follows : — 

K,S03 + 3Zn + 4H,S0, = K^SO, -f 3ZnS0, -f 3H,0 + H,S. 

§228. Sulphuric acid, anhydrous, SOg. — ^When sulphurous 
acid and oxygen gases are passed together over red-hot platinum, 
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the two unite and form a white solid body, SO3, which is sul- 
phuric anhydride or anhydrous sulphuric acid. The same body 
}B produced if oxide of copper and oxide of chromium are sub- 
stituted for platinum ; but in neither case does the body which 
causes the union of the two gases itself undergo any permanent 
change. SO3 is also formed when the bisulphate of sodium is 
strongly heated. When sulphate of iron (called green vitriol) 
is heated in retorts, a heavy oily body passes over ; this body is a 
mixture of anhydrous sulphuric acid, SO3, and the body next 
to be described, H^SO^ (oil of vitriol). On gently heating the 
mixture and cooling the receiver, the SOg passes over first and 
condenses as a snow-white soHd. Anhydrous sulphuric acid has 
a very great affinity for water, combining with it with violence 
and forming the hydrated acid. For this reason it fumes in 
ordinary air, on account of its vapour uniting with the water 
therein. The mixture of the anhydrous and hydrated acids got 
by heating sulphate of iron is sometimes called " Nordhaiisen 
sulphuric acid," and is employed by the dyer for dissolving 
indigo. 

§ 229. Sidphuric add, H^SO^, called also " oil of vitriol," is 
a very important acid, and is manufactured on a largo scale. 
Sulphuric acid is prepared by oxidizing sulphurous acid. Per- 
oxide of nitrogen, NO^, in the presence of water gives up one 
equivalent of oxygen to sulphurous acid, converting it to sulphuric 
acid, and being itself reduced to nitric oxide, NO ; thus : — 

SO, -h H,0 -f NO, = H,SO, -h NO (a) 

Nitric oxide, NO, in the presence of the oxygen of the air is 
converted into peroxide of nitrogen, NO, (§ 127). 

NO + = NO, (5) 

The peroxide of nitrogen is then again able to convert a fresh 
quantity of SO, into H,SO^, in the presence of water, according 
to equation (a). The result is that the same quantity of NO, 
by alternate oxidation to NO, and deoxidation to NO, serves 
gradually to convey an unlimited quantity of oxygen from the 
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air to the solphuroue acid, thereby oxidizing an unlimited quantity 
of the hitter. 

§ 230. The arrangement adopted is in principle as followB ;— 
A la^e chamber, C (fig. 65), lined with lead ia provided 'with 
leaden screens hanging, S, S, S, from the ceiling, and rising, F, F, 
from the floor. 

Entering this room at one end is the flue of a furnace, Y. In T 
sulphur is burnt with an ezcees of air, and the heat of the 
burning sulphur act» upon a mixture of sulphuric acid and nitrate 



Fig. 65. 




of soda contained in the vessel T. Wat«r is boiled in the vessel 
W, and enters as steam into the chamber. The bottom of the 
chamber is covered with a thin layer of water. The action which 
takes place in ¥ is 

S + 20 = SO,. 
The action which takes place at T is 

H,SO. + 2NaN0, = Na,80, + 2HN0,. 
Water arrives from W. These gases, SO,, 0, HNO^, and H,0, 
in passing round the screens become thoroughly mised, and Ihf 
following changes take place : — 

(1) SO, + 2HN0, = H,SO, + 2N0^. 

(2) SO, + H,0 + NO, = H^SO, + NO. 

(3) NO +0 = NO,. 

The reaction of (1) is not repeated, but the reactions of (2) and 
(3) alternate with one another. The H,SO^ as it is formed is 
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absorbed by the water on the bottom of C, and the excess of gas 
(atmospheric nitrogen) escapes by the opening at 0. The acid 
is removed from the chamber and concentrated, first by boiling 
in glass vessels, and afterwards in platinum retorts ; the excess 
of water is thus expelled. 

§ 231. Sulphuric acid when pure is a colourless liquid of 
density 1-84. It boils at 325° C. 

Sulphuric acid mixes in all proportions with water ; in doing 
so, heat is evolved and the two contract to a volume less than 
the sum of the volumes of the constituents. This is owing to the 
formation of one or more definite hydrates of the acid. Sul- 
phuric acid has indeed a great affinity for water. We have seen 
it used on this account for drying gases, which are made to bubble 
through it. For the same reason it is frequently used for drying 
bodies in vacuo at a low temperature. For if a wet substance be 
placed under the receiver of the air-pump and the air be with- 
drawn, the vapour of water will gradually fill the receiver, and 
the evaporation will cease unless the vacuum be renewed by con- 
tinual pumping ; but if a basin of sulphuric acid be also placed 
under the receiver, its surface will absorb the vapour of water, 
and the vacuum be thus definitely maintained. So great is the 
affinity of H^SO^ for water, that it often determines the formation 
of that body when in contact with substances which contain its 
elements. Thus sugar, wood, linen, &c. consist mainly (the first 
entirely) of carbon, oxygen, and hydrogen. On treating these 
bodies with H^SO^, the oxygen and hydrogen unite to form water 
which unite with the H^SO^ ; carbon is left ; the body is 
blackened or charred; and the process is similar in its visible 
efiect to the blackening of such bodies by heat. 

§ 232. Sulphuric acid decomposes very many salts, and very 
often acts by combining with their bases and setting free the 
acids. Hence the great use of sulphuric acid in the arts for the 
manufacture of acids. We have already had examples of this. 

CaCOg -h H,SO, = Ca SO, + H,0 -f CO,. 
2NaCl 4- H,SO, = Na.SO, + 2HC1. 
2KNO3 + H,SO, = K, SO, 4- 2HNO3. 
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§ 233. Sulphuric acid is also largely used in the manufacture 
of carbonate of sodium, for the formation of which sulphate of 
sodium is first prepared. The sulphate of sodium is got at the 
same time as hydrochloric acid by the action of H^SO^ upon NaCl. 

§ 234. Sulphuric acid in the dilute form attacks many of the 
base metals, as zinc, iron, &c., liberating hydrogen and forming 
sulphates (see Hydrogen). 

§ 235. Sulphuric acid and soluble sulphates are easily detected 
by the fact that sulphate of lead and sulphate of barium are 
insoluble in water and in acids. A liquid which is supposed to 
contain sulphuric acid, either free or as a soluble sulphate, is 
treated with a soluble salt of barium, as BaCl^. If a precipitate 
is formed, and if that precipitate is insoluble in nitric acid, the 
original solution must have contained sulphuric acid ; for though 
other salts of barium, as the sulphite, carbonate, phosphate, &c., 
are aLso insoluble in water, they dissolve in nitric acid. 

Compounds of Sulphur with Hydrogen. 

§ 236. Sulphide of hydrogen, H^S, also often called sulphu- 
retted hydrogen, hydrosulphuric acid, or sulphydric acid. — ^When 
organic matter containing sulphur rots or decomposes sponta- 
neously in the presence of water, part of the sulphur often unites 
with hydrogen and escapes as a gas called sulphuretted hydrogen. 
This is the gas which gives the offensive smell to rotten eggs, cess- 
pools, and the like. The same gas is formed at the mouths of many 
rivers, in consequence of the reduction of the sulphuric acid in 
the sulphate of magnesia of the sea by the carboniferous matter 
carried down by the stream. 

§ 237. Hydrosulphuric acid, H^S, is prepared in the pure state 
by decomposing a metallic sulphide by an acid containing 
hydrogen. Sulphide of iron, FeS, is formed by heating S and Fe 
together. This is broken into fragments and put in a bottle. 
Dilute sulphuric acid is poured upon it. Sulphate of iron is 
formed and sulphuretted hydrogen, H^S. 

FeS -h H,SO, = FeSO, + H,S. 
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The sulphuretted hydrogen escapes as bubbles, and is coUected by 
means of a tube passing through a cork in the neck of the bottle. 
So prepared, the H^S generally contains a little H, owing to the 
presence of some Fe among the FeS. If the gas is required ab- 
solutely pure, the native tersulphide of antimony, Sb^Sg, is gently 
heated with hydrochloric acid, 

Sb.Sg + 6HC1 = 2SbCl3 + 3H,S, 

whereupon terchloride of antimony and sulphuretted hydrogen 
are formed. 

§ 238. Sulphuretted hydrogen is a colourless gas of very 
offensive smell. Its composition by volume resembles that of 
water. 2 vols, of H, each weighing 1, unite with 1 vol. of S 
weighing 32 ; and the 3 vols, contract to 2. The density of the 

gas is therefore ^t — =17 (compared with air 1*17). 

Sulphide of hydrogen at ordinary temperatures becomes liquid 

when compressed with a force of about 17 atmospheres. At a 

temperature of —85° C. it becomes solid. 100 vols, of water at 

ordinary temperatures dissolves between 200 and 400 vols, of 

this gas. 

§ 239. "When heated red-hot in the air, sulphuretted hydrogen 

bums with a blue flame, the .products being sulphurous acid and 

water. 

H^S + 30 = H,0 + SO,. 

Sulphuretted hydrogen and sulphurous acid decompose one 
another in the presence of water, 

5S0, + 5H,S = 5S + 5H,0 + S,0„ 
sulphur being separated, and a peculiar acid oxide of sulphur 
formed, called jpmto^^ionw; add. Sulphuretted hydrogen in the 
pure state acts as a violent poison, and even when largely diluted 
with air it is very injurious. 

§ 240. The presence of sulphuretted hydrogen is easily detected 
by the ease with which the gas gives up its sulphur to metals 
in solution, forming with them sulphides. To detect the free 
gas, a strip of paper moistened with a solution of lead or copper 
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is plunged into the gas, whereupon, if H^S be present, PbS or 
€uS is formed ; the paper in consequence becomes blackened, 
because the sulphides of these metals are black. The tarnishing 
of silver, especially in the air of towns, the blackening of the 
whites of oil paintings, and of most white paint, the blackening 
of silver spoons used for eggs or mustard, is due to the formation 
in each case of a black metsdlic sulphide. 

§ 241. Sulphuretted hydrogen is continually usedin the laboratory 
for separating and distinguishing metals in solution. The sul- 
phides of some metals are soluble in water (K, N'a, NH^, Ca, Ba, 
<fec.), others in dilute acids (Fe, Zn, Mn, &c.)*, others in alkalies 
(As, Sb, Sn, Au, &c). Hence, on passing a current of the gas 
up through a solution of a mixture of metals, some will be pre- 
cipitated as insoluble sulphides in neutral or alkaline, some 
in acid solutions, <fec. Also the colours of the various metallic 
sulphides are often characteristic. Thus the sulphides of iron, 
nickel, lead, copper, &c. are black, those of cadmium and arsenic 
are yellow, that of antimony is orange, that of zinc is white. 

§ 242. Per sulphide of hydrogen, HS (?). — ^The composition of 
this body is doubtful, but it probably corresponds to HO .(§ 109). 
It is prepared by adding CaS^ to dilute HCl. The liquid, HS, 
collects as heavy oily drops insoluble in water, and which soon 
decompose into S and H.^S (CaS^ + 2HC1 = CaCl^ + 2HS ; and 
2HS = S + H^S). 

Compound of Sulphur with Carbon, 

§ 243. Bisulphide of carbon, CS^. — The only known sulphide 
of carbon is the bisulphide. This body does not occur in nature, 
but is manufactured on a large scale, being used for the solution 
of P and S, and of many natural hydrocarbons. 

§ 244. CSg is prepared by heating charcoal to a bright redness 
in an earthenware retort or tube, and introducing fragments of 
sulphur. At that high temperature the two elements combine. 
The product, CS^, passes over as a vapour, and is condensed as a 
liquid in the receiver, which must be weU cooled. 

* The sulphides in these cases are decomposed. 
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§ 245. Bisulphide of carbon, CSg, is a transparent colourless 
liquid of disagreeable smell ; it is heavier than, and immiscible 
with water. It dissolves in alcohol, ether, oil of turpentine, &c. 
It refracts light strongly, and is used to fill hoUow glass prisms 
for optical purposes. It boils at 48° C, and has a density of 1*29. 
It bums when heated in the air, giving rise to carbonic and 
sulphurous acids. 

CS, + 60 = CO, + 2S0,. 

In the state of vapour it consists of 1 vol. of C weighing 12, and 
2 vols, of S, weighing each 32, the 3 vols, being condensed to 2 

vols. The density of its vapour is therefore — 5! — or 38 

(compared to air 2'62), 

Compounds of Sulphur with Chlorine, Bromine, and Iodine, 

§ 246. The sulphide of chlorine, CIS, also called the diMoride 
of sulphur, is produced when dry chlorine is passed over melted 
sulphur in a retort. The sulphide of chlorine, CIS, collects in 
the receiver as a straw-coloured liquid. It is freed from excess 
of sulphur by distillation. Sulphide of chlorine boils at 138° C. 
It has a density of 1'687. It sinks through water, being 
insoluble, but is gradually decomposed by that liquid. It fumes 
in moist air, on account of the formation of HCl. 

§ 247. Protosulphide of chlorine, Cl^S, also called the chloride 
of sulphur, is obtained as a garnet-red liquid on saturating the 
bisulphide, CIS,, with chlorine. 

§ 248. Similar compounds of sulphur with bromine and iodine 
rae also known. IS, is a solid body. 

Compounds of Sulphur with Nitrogen, 

§ 249. Sulphide of nitrogen, NS, which possibly also contains 
hydrogen, is one of the many bodies which are formed when dry 
NH3 is passed into CIS, dissolved in CSg. It is a yellow crys- 
talline body, which detonates when struck or heated to 155° C. 

§ 250. Sulphide of ammonium, — ^There are several bodies con- 
sisting of sulphur, nitrogen, and hydrogen. The most important. 
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from its constant use as a reagent, is NH^HS, which is the 
sulphide of hydrogen and ammonium. It is got in the solid form, 
on mixing dry ammonia, NH3, with dry H^S. 

NH3 + H,S = ira.HS. 

In solution it is obtained by passing H2S into a solution of NH3 
in water. Besides this body, there are also known (!NTI^)jjS and 
(NH^)2Sj, the sulphide and pentasulphides of ammonium respec- 
tively. 

§ 251. Gunpowder. — ^Though not a chemical compound, gun- 
powder may, on account of its importance, be here briefly described. 
It consists of an intimate mixture of nitrate of potassium (nitre, 
saltpetre), sulphur, and carbon (charcoal). When a certain 
amount of heat is applied to the mixture, a recomposition or re- 
arrangement of the elements takes place. Some of the products 
of the recomposition are gaseous, and the formation and libera- 
tion of the gaseous products is necessarily attended by an effort 
to expand, which constitutes the bursting or propulsive force of 
the ignited powder. The gases formed are further expanded by 
the heat which accompanies the chemical change ; and the effect 
of the powder is thereby largely increased. 

§252. The three constituents are mixed in such proportion 
that the carbon is burnt, at the expense of the oxygen of the 
nitrate of potassium, to carbonic oxide and carbonic acid. The 
nitrogen is liberated, and the sulphur unites with the potassium. 
The products produced, however, vary with the pressure to which 
the exploding powder is subjected. And the proportions em- 
ployed depend upon the degree of purity of the constituents used. 
Thus, the charcoal of different woods contains varying amounts 
of carbon. 

English gunpowder contains usually about — 

Mtre 75 

Charcoal 15 

Sulphur 10 

100 
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Prussian and French gunpowder contain the same percentage 
of nitre as the English ; but the proportions of sulphur and char- 
coal in them are more nearly equal. 



CHAPTER XIII. 

Phosphorus and its compounds with the peeceding elements. 

Symbol, P. Equivalent, 31. Density of vapour, Q2 (compared 
with air 4-28). 

§ 253. Phosphorus occurs in nature only in combination with 
other elements — ^indeed, almost invariably in union with oxygen 
(with which it forms a powerful acid), in combination with bases. 
In the primary or lowest, and in recent igneous rocks, as lava, it 
is found as phosphates of K, Na, Ca, &c. The quantity, how- 
ever, of P is very small in rocks. Phosphorus occurs in plants, 
especially in such seeds as are used for food. It forms an essential 
constituent of bones, the ash of which consists almost wholly of 
carbonate and phosphate of calcium. Phosphorus is also foimd 
in the flesh, blood, brain, and excrements, both liquid and solid, 
of animals ; hence, in part, the use 'of the latter as manures. 

§ 254. Phosphorus, which is very largely employed in the 
manufacture of lucifer matches, is generally manufactured from 
the ashes of bones as follows :— The bone-ash, consisting of car- 
bonate and phosphate of calcium, is treated with dilute sulphuric 
acid in excess, whereby sulphate of calcium is formed, carbonic 
acid escapes as a gas, and the phosphoric acid remains in solution 
along with sulphuric acid and lime, forming the so-called super- 
phosphate of lime. The superphosphate is separated by decanta- 
tion from the insoluble sulphate of calcium, and evaporated nearljr 
to dryness with powdered charcoal. The mass so obtained is 
placed in earthenware retorts and submitted to a very high tem- 
perature. The carbon combines with the oxygen of the phos- 
phoric acid, forming carbonic oxide, which escapes as a gas, 

I 
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whereupon the liberated phosphorus distils oyer and is collected 
under water, into which the neck of the retort dips. It is then 
remelted under water and purified by being forced by pressure 
through the pores of a leathern bag. It is afterwards usually 
cast into cylindrical sticks, in which form it occurs in commerce. 

§255. Freshly made phosphorus is an almost colourless, 
slightly yellow, transparent solid of waxy consistence. Its density 
is 1-9 ; it melts at 44° C, and boils at 290° C. It may be dis- 
tilled in a current of COj,, H, or N. Exposed to the air, phospho- 
rus gradually oxidizes, gives rise to a faint bluish light (called 
phosphorescent) and a peculiar smell (ozone, § 83). Heated to 
60° C. by friction or otherwise, it enters into rapid oxidation or 
takes fire, burning with intense light and giving off white clouds 
of phosphoric acid. Phosphorus is insoluble in water, but soluble 
in alcohol, ether, &c., and especially in bisulphide of carbon. 
When kept, as it always is, under water, it gradually gets coated 
with a white skin of unknown composition. 

§ 256. When heated for several hours nearly to its boiling-point 
in some gas which does not act upon it, phosphorus undergoes a 
peculiar change in colour, in physical properties, and chemical 
energy. It becomes red, insoluble in bisulphide of carbon, much 
less fusible and oxidizable, and altogether less energetic chemically. 
This red phosphorus is often called amorphous phosphorus, and 
bears the symbol P^. It is prepared by heating P for some hours 
to about 240° C. in a closed vessel, allowing the mass to cool, and 
washing it with CS^, which removes the unchanged P. So got 
it forms a vermilion-red powder. If kept for several days at a 
temperature of about 230°, it is changed into a brittle solid mass. 
P^ is infusible ; but when heated to 260° C. it is reconverted into 
ordinary P, and takes fire if exposed to 0. 

§ 257. Lucifer matches are usually made by first dipping the 
ends of the wooden splinters into melted sulphur, and then into 
a paste made of water, gum, nitrate and chlorate of potassium, 
oxide of lead or of manganese, and phosphorus — ^the whole being 
so rubbed up together that the phosphorus is in a fine state of 
division. When the matches are dry and are rubbed, the small 
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paVticles of phosphorus begin to bum, the heat so developed 
liberates oxygen from the nitrate and chlorate of potassium and 
the metallic oxides. The increased supply of so obtained 
assists the combustion of the rest of the P ; and the result is the 
development of a heat sufficient to ignite the S, and thence the 
wood. 

Combinations of Phosphorus with Oxygen, 

§ 258. Phosphoric acid, anhydrous, l^fiy — ^When phosphorus 
is heated in dry air or oxygen (§ 80) it takes fire, and bums, 
giving off white clouds. These clouds consist -^ ^^ 

of anhydrous phosphoric acid, PaO^. Fig. 66 
shows the usual arrangement for making a 
small quantity of this body. A is a dry glass 
inverted into a dry dish D, and covering a 
little cup C, in which a fragment of P is burn- 
ing. After some time the P^Oj is found con- 
densed upon the sides of the glass and on the f- 
dish as a snow-white flaky deposit, and may (^ 
be thence collected. Anhydrous phosphoric 
acid has a great affinity for water ; it hisses when thrown into 
that liquid, on account of the heat developed by their union. 
This property of P^O^ is made use of to remove the last 
traces of water from many liquids and gases — the liquid being 
shaken with the anhydrous acid, or the gas passed over it. PgOg 
volatilizes at a temperature below redness. 

§ 259. Hydrated phosphoric acid, HPO3, may be got by dis- 
solving the anhydrous acid in water, evaporating to a syrup, and 
heating to a red heat in a platinum vessel. On cooling, a bri^Ue 
glassy solid is obtained, called glacial phosphoric acid, or ^jj 

H,0 + P,0. = 2(HP03), 

and containing one equivalent of water. The same body is more 
readily got by digesting P in a retort with somewhat diluted 
HNO3. The HNO3 parts with to the P ; when all the P has 
dissolved, the contents of the retort are distilled until the excess 

i2 
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of HNO3 has been expelled ; the excess of water is driven off in 
a platinum vessel. 

§ 260. On exposing HPO, to the action of a quantity of water 
exactly equal to that already in the acid, crystals of H^P^O^ are 
got. Thus : — 

2HPO3 + H,0 = H,P,0,, 

If double the quantity of water is used, crptals of HgPO^ are formed. 
Hence there are three hydrates of phosphoric acid, the mono-,ter-, 
and tetrahydrate. Of these, the terhydrate is the most stable. 
On boiling either HPO3 or H^PgO^ for some time with water, they 
are converted into HgPO^. Corresponding to each of these acids 
there are three series of salts — monobasic, tribasic, and tetrabasic 
The monobasic phosphates are generally called metaphosphates, 
the tetrabasic are called pyrophosphates, and the tribasic are the 
common phosphates. Thus, if M be any metal, we may have 

MPO3 = metaphosphate of M, 
M^PgO^ = pyrophosphate of M, 
M3P0^ = (common) phosphate of M. 

Or, again, either a pyro- or common phosphate may contain dif- 
ferent bases, thus : — 

M^NPO^ = phosphate of M and N, 
M^N^P^O^ = pyrophosphate of M and N. 

And common phosphate of sodium is tribasic phosphate of 
sodium and hydrogen. 

NajjHPO^ = phosphate of sodium. 
MgjjNH^PO^ = phosphate of magnesium and ammonium. 

§ 261. Tribasic phosphoric acid and the common phosphates 
are recognized by giving a yellow phosphate of silver when 
mixed with soluble silver-salts. Phosphates of calcium, barium, 
magnesium, lead, &c. are also insoluble in water ; but all phos- 
phates are soluble in nitric acid. 

§ 262. Phosphorous acid, anhydrous, PgOg, is got by burning P 
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in a limited quantity of dry air. It appears as a white volatile 
solid, miscible with water. 

§ 263. Phosphorous acid, hydrated, H3PO3, is obtained by ex- 
posing P for a long time to moist air. The P gradually oxidizes, 
and the H3PO3 may be collected in a suitable apparatus. H3PO3 
may be made more expeditiously and in a state of greater purity 
by decomposing the terchloride of phosphorus, PCI, (§ 268), by 
water. When these two bodies are brought into contact they 
decompose one another. 

PCI3 + 3Hp = H3PO3 + 3HC1. 

On evaporation the HCl and excess of H^O are expelled. 

§264. ffypophosphorous acid, HO^H^P. — ^When P is boiled 
with oxide of calcium (lime) and water, the water is decomposed, 
a part of the P escapes as a gas in combination with H (§ 265), 
the rest combines with to form hypophosphorous acid, which 
then unites with lime, forming hypophosphite of calcium. 

3CaO + Pa + 9H,0 = 3(Ca2(H,0,P)) + 2PH3. 

If baryta be substituted for lime, a corresponding barium-salt is 
obtained, Ba2H202P. From this compound the free acid may be 
got by treating with just enough sulphuric acid to precipitate all 
the barium as BaSO^, and filtering from it. Hypophosphorous 
acid cannot exist either alone or in combination with bases with- 
out hydrogen ; hence its formula is written HH,OPO or HO^H^P. 

Gomhinations of Phosphorus with Hydrogen. 

Three hydrides of phosphorus are known, P^H, PH^, and PH3. 
The first is a solid, the second a liquid, the latter a gas. We shall 
only consider the latter. 

§265. Phosphoretted hydrogen, PH3. — This gas, which has 
some similarity to ammonia, may be looked on as ammonia in 
which the N has been replaced by P. We have (§ 264) seen it 
formed when H^O, CaO, and P are boiled together. It is made 
by heating in a flask, filled nearly fall, hydrate of potassium, 
water, and phosphorus. 

3KH0 + 3H,0 + 4P = 3KH,0,P + PH,. 
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The neck of the flask is furnished with a gas-delivery-tube, the 
end of which dips under water. When so prepared, phosphoretted 
hydrogen takes fire spontaneously as the bubbles of it, having 
ascended through the water, come into contact with the air. 
This remarkable property is due to the presence in the gas of a 
small quantity of the liquid phosphide of hydrogen, H^P. The 
vapour of this liquid is spontaneously inflammable, and its com- 
bustion sets fire to the H3P, which then bums to H^O and PgOj. 

Thus, 

2PH3 + 80 = P,0, -h 3H,0. 

If a little alcohol bo added to the contents of the flask, the liquid 
PHj is retained, and the PH3 loses the property of taking fire in 
contact with the air. It may, however, always be ignited by con- 
tact with a burning body. 

Phosphoretted hydrogen is also formed when phosphorous acid 

is heated. 

4H,P0, = 3H,P0, + PH,. 

Phosphoretted hydrogen is produced in nature when animal 
matter containing P rots or putiefics. The smell of foul fish is 
partly due to this gas ; and the light which is emitted by such 
substances is owing to the gradual oxidation of the gas in the air. 
Ignes fatui, " Will-o'-the-wisp," &c. are supposed to be owing to 
the same cause. 

§ 266. Phosphoretted hydrogen is a colourless gas, of an offen- 
sive smell, like that of stale fish. It consists of 1 vol. of P 
weighing 62, united with 6 vols, of H, each weighing 1, con- 

tracted to 4 vols.* Its density is therefore — ^ — ^^ 17 (com- 
pared with air 1*17). It is feebly «dkaline, and may combine 
with HI to form the compound 

PH,HI or PH,I, 

* It is preferable to take the density of F as 62 ; at lower temperatures 
the specific gravity of P is lower. PH3 may be supposed to consist of 1 vol. 
of P ( =31) with 3 vols, of H (weighing each 1), contracted to 2 vols., being 
tltus like NH3. But, as a rule, the higher a vapour is heated the more nearly 
does its density approach that which it has in gaseous combiaation. 
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corresponding to NH^I. On account of its similarity to ammonia 
in composition and properties, it is sometimes CBHed jphospTiam, 

§ 267. Carbide of phosjphorus is not at present known. Nitride 
of phosphorus is a body of doubtful composition ; it is not known 
whether it contains hydrogen ; it is at present of little interest. 

Combinations of Phosphorus with Chlorine. 

Two chlorides of phosphorus are known, PCI3 and PCI5. 

§ 268. TercMoride of phosphorus, PCI3. — Some dry sand is put 
into a retort, A (fig. 67), and upon this some pieces of dry phos- 
phorus are laid. Through the cork in the tubulus T, a bent 

Fig. 67. 




tube, P, passes and opens just above the phosphorus. Through 
this tube a current of perfectly dry chlorine (§ 181) is passed, 
while the retort is heated by a lamp. The two elements unite 
with flame, and the PCI3 distils over into R. 

§ 269. Terchloride of phosphorus, PCI3, has a density of 1*45 ; 
its boiling-point is 78° C. 1 vol. of P (=62) combines with 
6 vols, of CI (each =35*5), and there is contraction to 4 vols.* 



The density of its vapour is therefore 



62 + 6x35-5 



or 68-75 



(compared with air 4-74). Thrown into water it at first sinks 
through, but is soon decomposed into H3PO3 and HCl. 

PClg + 3H,0 = H3PO3 + 3HCa. 
* Compare note, p. 174, 
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We have already (§ 263) seen this reaction employed for making 
H3PO3. Owing to the mutual decomposition of PCI3 and H^O, 
the former fumes in meist air and gives rise to the acids HgPO, 
and HCl, which irritate the eyes and lungs. 

§ 270. Pentachloride of phosphorus, PCl^, is formed by passing 
dry chlorine over PCI3 ; the gas is immediately absorbed and a 
yellowish- white solid body is produced, which is the pentachloride 
of phosphorus. If the chlorine be used in excess, the PCI5 is got 
quite pure. 

§ 271. PClg volatilizes without change at 148° C, and, unless 
under pressure, it does not previously fuse. Thrown into an 
excess of water the two bodies decompose one another with great 
violence, phosphoric and hydrochloric acids being produced, the 
former of which immediately combines with water. 

PCI, + 4H,0 = H3PO, + 5HC1. 

§ 272. The density of the vapour of PCI, is derived as follows : — 

1 vol. of vapour of P (weighing 62) unites with 10 vols, of CI 

(each weighing 35*5), and a condensation to 8 vols, follows. The 

624-10 X 35*5 
density is therefore h or 52*12 (compared with air 

3-59). 

§ 273. OanjchloAde of phosphorus, POCI3. — When PCI, is ex- 
posed to moist air under a bell-jar, it is gradually converted into 
the oxychloride ; that is, at first only two equivalents of CI are 
extracted and replaced by one of 0. 

PCI, + H,0 = POCI3 + 2HC1. 

If PCI5 be heated with the proper quantity of some body which 
parts with water with some difficulty, the same partial replace- 
ment takes place. It may for this purpose be heated with two 
equivalents of monohydrated oxalic acid (§ 160). 

PCI, 4" H^Cp, = CO -h CO, + POCI3 + 2HC1. 

POCI3 boils at 110° C, and, like PC1„ though not with so much 
violence, is decomposed by H^O into HgPO^ and HCl. 

POCI3 -h 3H,0 = H:3P0, + 3HC1. 
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Combinations of Phosphoms with others of the preceding elements, 

§ 274. The terhromide and pentahromide of phosphorus are 
similar in their formation and properties to the corresponding 
chlorint compounds ; their formulsB are PBr3 and PBr^. 

§ 275. There are two iodides of phosphorus, PIj, and PI3. 
Both are got by adding I in proper proportion to P dissolved in 
CSg ; on cooling they crystallize out as orange-coloured or deep- 
red solids. 

§ 276. Sulphides of phosphorus, — Sulphur and phosphorus, 
when heated together under water, combine with explosive 
violence. Several such compounds are known, vEirying in com- 
position according to the proportions of the elements employed, 
and so closely resembling one another physically, as to offer great 
difficulty in their separation. Such compounds may be made 
with less danger if red phosphorus is used ; but a greater heat is 
then required to make the elements unite. 



CHAPTER XIY. 

Silicon ok Silicium and its compounds with the pbbcbding 

ELEMENTS. 

Symbol, Si. Equivalent, 28. (Theoretical) density, 56 (compared 
with air 3-86). 

§ 277. Silicon, Si, occurs very abundantiy in nature, but almost 
always in the form of oxide of sUicon, SiOj, (silicic acid), either 
alone or combined with bases, as Ca, Mg, K, Na, <fec. In fact 
almost all rocks, with the exception of the carboniferous (lime- 
stone, dolomite, marble), consist essentially of sOicates of the 
above metals. Silicic acid uncombined with any base constitutes 
quartz, flint, some kind of sea-sand, <&c. In combination with 
aluminium it forms day, slate, &e. In combination with alu- 

i5 
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minium and potassium it forms felspar. Granite consists partly 
of free silicic acid (or quartz), partly of silicate of aluminium and 
silicate of potassium (or felspar), and partly of silicate of alu- 
minium and silicate of magnesium (or mica). The metals may 
vary, being replaced by others ; but the silicic acid is an invari- 
able constituent. Silicic acid is also found in plants, especially 
in the stalks of grasses, reeds, canes, &c., and in the husks of 
grain. 

§ 278. Silicon, Si, may be obtained artificially by heating 
silicic acid with potassium; but it is prepared more advanta- 
geously by heating a double fluoride of silicon and potassium with 
sodium. The sodium withdraws the fluorine from the fluoride of 
silicon, leaving the potassium also in combination with fluorine. 
The fluorides of potassium and sodium are removed by being 
dissolved in water. The silicon is thereby left as a brown 
powder. 

§ 279. Si^. — So prepared, silicon is heavier than water, and is 
not attacked by nitric or sulphuric acid. "When strongly heated 
in the air, it burns with great brilliance, being oxidized to SiO^. 
It may be fused under NaCl, and is got on cooling as a steel- 
grey mass harder than glass. Si^ corresponds to the charcoal- 
or soot-form of carbon. 

§ 280. Si^. — Silicon may be got in a form similar to the 
graphitic form of carbon, and in a similar manner. On heating 
in a crucible the above-mentioned fluoride of potassium and 
silicon with Al, instead of Na, the Al withdraws the Fl, and the 
reduced Si dissolves in the excess of the melted Al. The latter 
metal is removed by treating the mixed mass with hot strong 
HCl, and traces of SiO,, by means of HFl (§ 217). Silicon so 
obtained greatly resembles graphite, and is much less oxidizable 
than S^, the preceding modification of the element. 

§ 281. Si". — Silicon may be obtained in a third modification — 
namely, the crystalline one, and corresponding therefore to the 
diamond or crystalline modification of carbon. * This form is got 
by passing the vapour of tetrachloride of SOicon, SiCl^ (§ 289), 
oTor metallic aluminium heated to a white heat in a porcelain 
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tube. The aluminium withdraws the cshlorine and forms a vola- 
tile sesquichloride of aluminium^ Al^Cl^, the silicon being left as 
crystalline needles. 

3SiCl, + 4A1 = 2Al,Cl3 + 3Si. 

Combination of Silicon with Oxygen, 

Two oxides of silicon are known. We need only consider the 
binoxide or silicic add. 

§ 282. SiUcic acid, silica, or silex, SiO^, is found in an almost 
pure state as rock-crystal or quartz, which is a transparent crys- 
talline form of the acid. Plint pebbles^ flint sand, opal, chalce- 
dony, &c. are more impure varieties. Combined with metallic 
oxides it forms most rocks (§ 277). To get the pure acid, such 
rocks are finely powdered and fused in a platinum crucible with 
Na^COg. The cold mass is treated with dilute hydrochloric acid, 
evaporated gently to dryness, treated with strong hydrochloric 
acid, diluted with water, filtered, and washed. The action is 
this: — Some of the carbonate of sodium is decomposed by the 
silicic acid, silicate of sodium being formed and the carbonic acid 
expelled. The HCl decomposes the silicate of sodium and the 
excess of Na^COg, setting free the CO^ (which escapes as a gas) 
and the SiOj,. It further combines with any metallic oxides 
present, forming soluble chlorides. The second drying is to make 
all the SiOg perfectly insoluble in water. After washing and 
drying, the SiO^ is obtained pure. 

§ 283. Silicic acid so prepared is a light gritty white powder, 
insoluble in water and all acids, excepting hydrofluoric. It 
dissolves in hot strong solutions of hydrate of potassium. It 
combines with bases in an almost endless number of proportions, 
those silicates of the alkalies which contain the largest proportion 
of the alkali being the most soluble. Freshly precipitated SiO^^ 
is in combination with water, and is a gelatinous body soluble in 
hydrochloric acid. If such a solution be put into a porous vessel, 
as a vessel having an animal or vegetable membrane for a 
bottom, and be then surrounded by pure water, the HCl gradually 
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leaves the SiOg, passing through the membrane ; the silicic acid 
is thus obtained as a solution in water. 

§ 284. Anhydrous SiO^ is harder than glass, and has a density 
of 2*6. The test for silicic acid and the manner of its estimation 
are based upon the reaction and process given in § 282 for its 
preparation. A more conclusive test will be given when we con- 
sider the compound of the element Si with Fl (§ 291). 

§ 285. The uses of SiO^ in the arts are very manifold. In the 
pure state, as quartz, it is used for optical glasses, lenses, prisms, 
&c. It forms many precious stones, as agate, camelian, jasper, &c. 
As sand it is used to combine with lime and form mortar. Com- 
bined with alumina as clay, it forms the material for bricks, 
earthenware, porcelain, &c. Combined with Na, K, Ca, or Pb, it 
forms glass. 

§ 286. As opal, SiO^ is in combination with water. Definite 
hydrates may also be artificially obtained. 

§ 287. Hydride of silicon has been obtained, but not in the 
free or unmixed state ; its composition is not exactly determined. 

§ 288. Nitride of silicon is got by saturating the tetrachloride, 
SiCl^ (§ 289), with dry ISTHg, and afterwards heating. The nitride 
is left as a white insoluble powder. 

§ 289. Tetrachloride of silicon, SiCl^, the only known chloride 
of silicon, is obtained by passing chlorine over an intimate mixture 
of carbon and silicic acid at a high temperature. Precipitated 
silicic acid is mixed with oil and powdered charcoal into a paste. 
This is then made into pellets and heated red-hot in a crucible, 
which is covered so as to prevent the burning of the carbon. The 
result is that the oil is decomposed, its carbon being left in inti- 
mate contact with the silica. The charred pellets are then placed 
in a porcelain tube, which is then heated white-hot, and a current 
of dry chlorine is passed through. The following decomposition 
takes place : — 

SiO, -h 2C -h CI, = SiCl, -h 2C0. 

The SiCl, is condensed in a weU-cooled receiver, and appears as a 
colourless liquid of the density of 1*5^ and which boils at 59° C. 
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The density of its vapour is derived thus : — 1 vol. of vapour of 
silicon (theoretically weighing 28), united with 4 vols, of CI (each 
weighing 3e5-5), condensed to 2 vols. The density is therefore 

28 -I- 4x35-5 

2 or 85 (compared with air 5'86). TercMoride of 

silicon is quickly decomposed by water into HCl and SiO^. 

SiCl, + 2H,0 = SiO, + 4Ha. 

For this reason it fames in moist air and has an acid smell. 

§ 290. Bromide of silicon, SiBr^, is similar in its preparation 
and properties to the chloride. The iodide is at present unknown. 

§ 291, Tetrafluoride of silicon, SiPl^, is the only known fluoride 

of silicon. It is obtained by treating silicic acid or a silicate 

withHFl. 

SiO, -f- 4HF1 = SiFl, -f. 2H,0. 

It may be got without previously making HPl, by treating silicic 
acid with a fluoride and H^SO^. For this purpose powdered fluor- 
spar, sand, and sulphuric acid are gently warmed in a flask ; 
the fluoride of silicon escapes as a gas. 

SiO, + 2CaFl, + 2H,S0, = 2CaS0, + SiFl, + 2H,0. 

§ 292. SiFl^ is a transparent gas. It consists of 1 vol. silicon 

vapour (theoretical), weighing 28, united to 4 vols, of fluorine 

(theoretical), each weighing 19, condensed into 2 vols. Its 

284-4x 19 
density is therefore g or 52 (compared with air 3'58). 

§ 293. "When passed into water this gas is immediately decom- 
posed, silicic acid being formed and deposited, while a compound 
acid containing Si, Fl, and H, and called hydrofluosilicic acid, 
remains in solution in the water. 

3SiFl, + 2H,0 = 2H,SiFl3 -f- SiO,. 

This reaction forms a means of preparing SiO^ very readily, and 
in a state of the utmost purity. 

§ 294. As we have already seen the formation of the tetra- 
fluoride of silicon used as a test for fluorine (§ 219) by virtue of 
the power which HFl has of etching glass, so, inversely, silicic 
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acid may be readily tested for by mixing the substance suspected 
to contain it with powdered fluor-spar and sulphuric acid, in a 
platinum vessel, and leading the gas formed into water. If silicic 
acid be present the volatile SiM^ will be formed, and this will be 
decomposed by the water, silicic acid being liberated. 



CHAPTEE XV. 

Combustion and Flame. 

§ 295. "When two bodies, either elements or compounds, in 
uniting with one another give rise to a great amount of heat, 
they are said to bum, and the process of their tmion is called 
combustion. The term combustion is often limited to the phe- 
nomenon of rapid oxidation or burning in the air. The oxygen 
is then said to be the supporter of combustion, and the burning 
body (that is, the body which visibly changes its condition or is 
consumed) is called the combustible. It is clear that this dis- 
tinction arises from partiality of view, and that, since heat 
arises from the imion of the two, each h6w the same title to the 
name combustible, and each to that of supporter of combustion. 
Further, the term combustion is usually limited to those extreme 
cases where the process of union is so energetic that light is 
produced. 

§ 296. Every substance, solid, liquid, and gaseous, when heated 
to a certain temperature gives out light. Solids, as a rule, give 
out light at lower temperatures than liquids, and liquids at lower 
temperatures than gases. And at equally elevated temperatures 
solids give out more light than liquids, and liquids than gases. 

§ 297. It often happens that the mere contact of bodies is 
sufficient to determine their rapid union and the evolution of heat 
and light. Thus chlorine and finely divided antimony, oxygen 
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and finely divided lead, liquid hydride of phosphorus and air, <kc. 
unite on mere contact, and evolve so much heat that they, or 
the products of their combustion, become red- or white-hot. 

§ 298. It must be remembered that, whatever be the rate of 
union between two bodies, the total heat given out is the same, 
provided equal quantities of the same compoimds are formed. 
Thus zinc, when gradually rusting in the air, gives out from first 
to last as much heat as when it rapidly oxidizes or bums. But 
in the former case, the heat, being developed slowly, escapes by 
radiation, convection, and conduction as fast as it is liberated, so 
that it is not perceived ; in the latter case it is liberated in a 
short time, and part of it serves in the first place to heat the 
zinc or its oxide white- or red-hot. Whether the same quantity 
of light is given out in both cases is not known. 

§ 299. In most cases of rapid union or combustion the heat is 
both a cause and a consequence of chemical change. Many 
bodies which do not burn rapidly at ordinary temperatures, bum 
completely when " set fire to." The obvious reason is this : — the 
two bodies in contact being heated at one of their places of 
contact, unite at that place ; their act of union gives out heat, 
and this heat determines the union of the neighbouring particles 
with one another ; so that the union or burning spreads with 
greater rapidity, according as the bodies are more intimately 
mixed, according as the heat evolved by their imion is greater, 
and according as the temperature required for that union 
is less. Hence the apparently instantaneous union of hydrogen 
and oxygen, or of hydrogen and chlorine when the two gases 
are mixed and heat is applied to one part of the mixture. 
Hence, also, the use of finely grinding and mixing the constituents 
of gunpowder (§ 251) — carbon, sulphur, and nitre, so that each 
particle of the two former may be in contact vrith enough of the 
latter to receive oxygen (for the carbon) and potassium (for the 
sulphur) the moment a suflSlcient heat is reached. 

§ 300. On the other hand, if one of the bodies which unites is 
in the solid or liquid form, and the other is a gas not miscible 
therewith, the extent of the surfaces in contact is limited, and 



184 



NON-M£TALLIC CHEMISTRY. 



union or burning can only take place more slowly. Thus, if a 
cup of melted sulphur be exposed to the air and just sufficiently 
heated to " take fire," the union of the two or burning of the 
sulphur only takes place at the surface of the melted sulphur, 
and proceeds slowly down as the SO^ which is formed escapes 
and exposes a fresh surface to the air. Or red-hot carbon exposed 
to the air only bums at its surface, and the carbon is gradually 
** consumed " as the oxides of carbon formed escape. Further, a 
current of hydrogen entering the air through a tube may be 
" lit " at the end of the tube — that is, at the place where the 
and H mix. The burning cannot pass back down the tube, 
because no oxygen is there ; it cannot extend into the air, because 
no hydrogen is there. 

§ 301. Flame may be defined as gas, vapour, or very finely 
divided solid matter, heated to such a temperature (in conse- 
quence of chemical change) as to give out light or become visible 
in the dark*. 

§ 302. We may consider the case of H burning in O as a 
simple case of purely gaseous flame. Let (fig. 68) a current of 
hydrogen, H, as it issues from the tube T, 
be " set fire to." At C, or immediately 
above the tube, there is a cone of unmixed 
hydrogen ; its lower part is cold, its higher 
part is hot owing to radiation from above. 
This cone, C, is greater according as the 
rate at which the H is delivered is greater. 
At B, and completely surrounding C, there 
is a conical sheath of flame ; that is, B is 
the field where the union of the two gases is 
continually carried on. It is there that the 
water is formed; it is there that heat is 
liberated; and it is the intensely heated 

* In a few instances chemical decomposition gives rise to flame, as when 
chloride or iodide of nitrogen explode. This is probably due to the sadden 
compression of the neighbouring air, which we know to be a source of heat 
(Part I. § 12). 
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vapour of water there which in this case constitutes flame. 
The hottest part of B is of course that part where the H meets 
with exactly the proper quantity of to form water. At the 
lower part, and towards C, there is an excess of H, at the higher 
part there is an excess of 0. In both cases the excess of gas is 
heated by the combination of the rest. So that the flame B 
consists at its lower part of heated vapour of water mixed with 
H, at its middle of heated vapour of water alone, at its higher 
part of heated vapour of water and 0. That there is little 
heat in the part C may be shown by introducing there the end 
of a match. The match does not take fire ; on the contrary, if 
already burning, it is extinguished in consequence of want of 0. 

§ 303. When H bums in air, the N of the air which takes no 
part chemically in the process is, of course, also heated till it 
becomes luminous in the zone B. The N is found in all parts of 
the flame. The shape of the flame is due to the ascent of heated 
currents of vapour from the flame itself, and to the arrival of 
fresh air from around. 

§ 304. Gases, even when intensely heated, give out but little 
light. Solid matter gives out light at lower temperatures ; and 
the intensity of the light ia increased by the temperature. When 
H bums in the air it gives out very little light, because the gases 
themselves, and the product of their union, are all gases. But if 
some solid body which is non- volatile, but which may be either 
combustible or incombustible, be brought into the flame, it becomes 
intensely heated, and gives ofi^ a great light. Thus if ZnO, MgO, 
CaO, or C be sprinkled in fine powder through the hydrogen- 
flame a brilliant light is produced, although in the first three 
cases no chemical change occurs, and although the heat remains 
the same. The same efiect is produced by holding a piece of 
platinum wire in the flame. One of the brightest lights, the 
lime-light, is produced by introducing a piece of lime into the 
flame of the oxyhydrogen blowpipe (§ 101). 

§ 305. In order, therefore, that a flame may give out a strong 
light, it is necessary that, by some means or other, there should be 
solid matter in it, heated to a high temperature. If such is not 
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the case, little light is produced. The solid matter which gives 
light to flames is mostly derived from the body which bums, or 
is itself a product of that burning. This will become clear if we 
recall a few instances of combustion. Thus, when S, H, SH^, or 
CO unite with 0, scarcely any light is given out, because 
the products of oxidization are all gases, namely, SOj,, H^O, 
SOj+H^O, and CO^ respectively. Similarly, if S, H, or P unite 
with CI, little light is produced, because SCI, HCl, and PCI, are 
all gases or vapours ; but if P, Pe, or C unite rapidly with 0, 
great light is produced, because P^Og and Fe30^ are solid bodies, 
the first nearly, and the second quite fixed ; and in the case of the 
charcoal, a part of the fixed solid is heated to whiteness by the 
burning of another part. 

§ 306. When a compound body is burnt in the air, the elements 
of which it is formed oxidize at different parts of the flame 
(supposing them all to be oxidizable), the one taking precedence 
of the other; and when an element has different stages of 
oxidation, different oxides will be formed in different parts of the 
flame. Thus, imagine (fig. 69) the spirits of turpentine, T, in a 
cup to be burnt. Spirits of turpentine has the composition 
(y^^H^g. The heat of the applied match, and afterwards that of 
the burning turpentine, raises a part of the liquid as vapour ; this 
is represented by A. The first quantity of oxygen which the 

Fig. 69. 







vapour meets with bums only the hydrogen of the C^^Hj, ; water 
is formed and the C is set free. Being solid and greatly heated 
by the burning of the H, the very minute partidea of C give out 
light. The conical shell B consists therefore of H^O vapour and 
white-hot C, mixed with inactive N. This is the part of tiie 
flame which gives out most light, and is called the << laminous 
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zone." The white-hot carbon rising and meeting with more 
oxygen is first at E burnt to CO. Finally, as it rises, meeting 
with still more 0, it is burnt to COg at D. The water which is 
formed at B is carried up through E and D, and the nitrogen of 
the air exists in all parts of the flame, but of course not at A ; so 
that we find — 

Throughout A. — Vapour of turpentine. 

B. — Formation of water, liberation of carbon, pre- 
sence of nitrogen. 
E. — Formation of carbonic oxide, presence of water 
and nitrogen. 
„ D. — Formation of carbonic acid, presence of water 

and nitrogen. 

That there is free carbon at B is at once shown by holding a 
cold body in that part of the flame ; it becomes covered with soot 
or lampblack. That carbonic acid and water are the ultimate 
products is shown by holding a dry cold glass inverted over the 
flame. Its inside becomes covered with condensed water as a 
dew, and on shaking the collected gas with lime-water, insoluble 
carbonate of calcium is formed. That carbonic oxide occurs at E 
is shown by introducing a tube P open at both ends into that 
part of the flame ; the gas which issues from the higher end may 
be lighted. 

§ 307. If the supply of air is deficient, some of the carbon may 
escape oxidation altogether and issue unbumt from the upper 
part of the flame; the flame then becomes "smoky." If the 
supply of air is very abundant and rapid, the hydrogen and carbon 
are burnt at the same time (there is nowhere solid carbon) ; the 
flame loses its brilliancy. 

§ 308. In order to get the greatest lighting effect out of a 
burning hydrocarbon, the supply of air must be so regulated that 
the hydrogen may be burnt first, so that the carbon may remain 
as long as possible in an " incandescent" state — that is, white- 
hot; at the same time there must be air enough to bum the 
carbon fully at last. 
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§ 309. In order to get the greatest heating effect out of a 
burning body, the supply of air must be more abundant, so that 
none of the heat of the burning hydrogen may be expended upon 
heating the carbon ; but it must not be so abundant as to cool 
the flame by mere physical contact below the temperature of 
oxidation (blow it out). 

§ 310. The difference made by the quantity of air supplied to 
a flame may be illustrated by two common gas-lamps — the 
''bat's wing" and the "Bunsen" burner. In the former, the 
holes out of which the gas issues are so opposed to one another 
as to throw the gas into a sheet, so that the illuminating surfisice 
is large and of such a size as to deliver, at the ordinary pressure 
at which the gas issues, just sufficient gas for its hydrogen to be 
burnt before the carbon (fig. 70). A shows the arrangement of 

Fig. 70. 







T 

the tubes and the appearance of the flame, seen edgewise. B 
shows the flat side of the flame ; but one of the gas-tubes is 
hidden by the other. In the Bunsen burner C the gas enters 
by the tube T, and soon after entering the chimney C, it is mixed 
with air which enters through little arches at the bottom of the 
chimney. The gas bums at the top of the chimney, and being 
already mixed with sufficient oxygen to unite with the C and H, 
it gives out little light, but great heat*. 

* It has lately been successfully shown that solid matter is by no meam 
necessary for the production of great luminosity. When feebly luminoufl 
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§ 311. The blowpipe increases the intensity of heat by in- 
creasing the supply of air. If air (fig. 71) be forced through the 
tube T into the flame F of an oil-lamp, the flame becomes elon- 

Fig. 71. 




gated and less luminous. It is then found to consist of three 
zones : — A is formed of injected air mixed with vapour of oil ; B, 
where the hydrogen of the oil is burnt to water, and its carbon 
to carbonic oxide ; C, where the carbonic oxide is burnt to car- 
bonic acid, and where there is an excess of oxygen. Since there 
is an excess of carbonic oxide in B and an excess of oxygen in C, 
the flrst IS called the redtu^ng, the second the oxidizing flame of 
the blowpipe. The oxide of a metal may give up its oxygen to 
the hot carbonic oxide in B and be reduced. It may be again 
oxidized if placed at C in the hot oxygen which is there. 

§ 312. Many substances used for illumination (such as tallow, 
wax, oil) contain oxygen, but never enough of it to form both 
water with the hydrogen and carbonic acid with the carbon, 
which are the other elements in the bodies. Others, such as 
coal-gas, contain the indifferent gas nitrogen. The contents of 
the different parts of the flame are of course modified by the pre- 
sence of these gases ; but the general structure remains the same 
in principle. 

§ 313. If the burning body be not volatile without decompo- 
sition, the lowest cone, A (fig. 69), wiU consist of the vapours of 

flames are subjected to pressure their luminosity is increased. It appears 
that the light is greater according as the density of the heated gases and 
yapours is greater. It has been asserted that the soot or lampblack of 
luminous carbon-flames is indeed a compoimd of carbon with hydrogen, and 
exists in the flame in the form of a very dense vapour. It is undeniable that 
the brightest carbon-flame is transparent. These facts, however, in no 
manner militate against the received idea that solid matter in a flame 
increases its luminosity. 
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the substances into which the original body is separated by heat 
alone; such are called the products of its ''destructive distil- 
lation." Thus, in the case of tallow, this cone contains marsh- 
gas, olefiant gas, and a great variety of other gases and vapours. 

§ 814. If by contact with cold and good conducting bodies the 
gases concerned in a flame are cooled below a certain tempera- 
ture, the combustion cannot continue and the flame is extin- 
guished. Hence, if a piece of metal be held in the flame of a 
candle, it will be seen that the flame does not touch the metal, 
but is separated from it by an interval of perhaps -^ of an inch. 
If the metal gets red-hot, as a pin may do, or if it gets covered 
with soot, which is a bad conductor of heat, the flame touches it 
again. It appears as if the flame were repelled ; such is not the 
case, but the combustion in the neighbourhood of the cool body 
is arrested, and the gases there are cooled below the temperatnie 
of incandescence. Thus a candle may be put out by passing 
over its wick without touching it a metal ring of a little larger 
diameter. 

§ 315. Again, a mixture of two gases which unite with violence 
when heated together, may produce a flame at one end of a tube 
through which it issues, and the flame (fig. 72) will not travel 

Fig. 72. 



back through the tube, igniting the mixture as it goes, if the 
orifice of the tube is narrow. The edge of the tube cools the 
mixture below the temperature at which combination is possible. 
§ 316. The miner's safety-lamp, or Davy's lamp, acts upon the 
same principle. It consists (fig. 73) of an ordinary small lamp, 
L, enclosed in a cylinder, C, of fine wire gauze. Opposite the 
flame, the cylinder is of glass, G. The firedamp or marsh-gas 
(§ 169) given out from the coal may get mixed with the air of 
the mine in such a proportion that, when a naked flame is 
brought into contact with it, the whole mixture explodes. When 
such a gauze-covered lamp is introduced into such an explosive 
mixture, the gas of course penetrates through the gauze and 
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reaches the flame, where it is ignited. The 
explosive mixtore burns in little jets of flame 
on the inside of the wire gauze, but cannot 
pasB through, on account of the eooiing action 
of the metallic wire. 

§ 317. Fitel, or the matter whose rapid oxi- 
dation gives rise to heat used in the arts, may 
be solid, litjoid, or gaseous. Almost all fael 
which is employed in the arts is of vegetable 
origin. Wood, peat, turf, coal, charcoal, coke, 
coal-gas, turpentine, petroleum, naphtha, spirits 
of wine, and most kinds of oil are all derived 
from plants which have been subject to natural 
or artificial changes. A few, such as tallow, wax, spermaceti, 
and some oils are of animal origin. The mineral surface of the 
earth is very completely oxidized, witness the free oxygen of the 
air. Since oxidation is the process which takes place when fuel 
18 burnt, it follows that there are no purely mineral fuels. 

§ 318. But, as we shall see (Chapter XVI.), one of the func- 
tions of plants is to deoxidize the carbonic acid of the air and to 
store up the carbon in their tissues, in combination with less 
oxygen than it has in carbonic acid, generally with as much as it 
has in carbonic oxide. It is not known whether plants deoxidize 
water ; but the growth of plants and tbe formation of their wood 
may be roughly described as the withdrawal, or rather rejection, 
of oxygen fWim carbonic add and water, thus : — 

Wood = Carbonic acid + Water — Oxygen. 

§ 319. Wood contains and consists of other constituents (8i, 
P, N, S, and metals Ca, K, Na), got from the earth ; these, which 
make but a small percentage of tbe wood, vary in kind and 
quantity; the above three, C, H, and 0, are always present. In 
the purest form of woody fibre the three dements are present in 
the proportion 

C,H„0,; 
that is, the and H are in the same proportion as in water. 
Wood may be Galled a carbide of water. 
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§ 320. Wood when green, and generally unless artificially 
dried, contains a large quantity of moisture. When such wood 
is burnt, a part of the heat produced by the oxidation of carbon 
and hydrogen is expended in raising the temperature of this 
water to 100° C. (capacity for heat of water). A further portion 
is used for converting the water into steam (latent heat of 
steam). Consequently wet or damp wood on burning does not give 
out so much heat as it would do, and does, if first dried. Water 
or moisture in fuel, though it increases its bulk and weight, and 
may not be sensible to the touch, is therefore a disadvantage. A 
pound of damp wood, when burnt, gives out a certain quantity of 
heat. When dried, though it weighs less than a pound, it gives 
out on combustion more heat. 

§ 321. Coal, — When wood is buried in the earth it gradually 
loses the elements of water ; it darkens in colour, and approaches 
in composition to pure carbon. The longer it has been buried the 
more perfect is this change, and the longer the time of its burial 
and the greater the pressure to which it has been subjected, the 
more compact is its structure. It is to be remarked that woody 
fibre loses water even when in continual contact therewith, so 
that turf and peat, originally of nearly the same composition as 
wood, as they remain buried, even in bogs and wet places, lose 
water, and approach in composition to coal. Lignite, or brown 
coal, is wood which is imperfectly converted into coal ; it still 
contains oxygen, and consequently, when burnt, does not give 
rise to so much heat as does the same weight of more perfect 
coal. The oldest coal is nearly pure carbon, with a littie 
hydrogen ; and the hydrogen gradually escapes, in combination 
with carbon, as marsh-gas or firedamp (§ 169). 

§ 322. Charcoal, — ^When wood is rapidly heated, the air being 
excluded, the same changes go on as take place during the for- 
mation of coal, but more quickly. At first water is expelled, 
then in succession bodies containing carbon, hydrogen, and 
oxygen, that which remains behind becoming poorer in oxygen 
and hydrogen, until at last carbon is left as charcoal, which 
retains the original form of the wood. In charcoal the whole of 
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tbe mineral constituents of the wood are retained, while in coal, 
in consequence of the percolation of water during its burial in 
the earth, the mineral constituents of the wood may be washed 
away, and in part replaced by others which the water held in 
solution. 

§ 323. CoTcBf which may be defined as the charcoal of coal, is 
got by heating coal in close vessels, as in the manufacture of gas. 
Coke made from old coal is almost pure carbon. Most of the 
oxygen and mineral constituents have been removed during the 
conversion of wood into coal ; and the hydrogen and remainder 
of the oxygen are expelled in combination with carbon as coal- 
gas, naphthaline, coal-tar, paraffin, naphtha, creosote, and many 
other compounds, or in combination with one another as water ; 
while the smaU quantity of nitrogen is expelled, partly in the 
free state mixed with the coal-gas, partly in combination with 
hydrogen as ammonia. 

§ 324. Petroleum is a mixture of hydrocarbons ; it is also called 
" rock-oil," mineral naphtha, <fec. It is formed by the action of 
the heat of the earth upon buried coal. It frequently oozes 
through the surface of the earth, and is collected from natural 
oil-springs or artificial wells. 

§ 325. In order to get the greatest heating effect out of any 
fuel, it is of course necessary that the fuel should be fully burnt. 
Grates and furnaces are therefore to be so constructed, and their 
fires so stoked, that there shall be the least possible escape of 
smoke or unbumt carbon, and of carbonic oxide. 

§ 326. The following Table shows the comparative heats given 
out when equal weights of certain elements bum in oxygen. It 
is supposed that such a weight of H is taken as gives 100 units 
of heat when oxidized to water ; the same weights of the other 
elements are taken : — 

grm. 

0290 of Hydrogen, when burnt to Hp, gives 100 units of heat 
„ Charcoal „ „ COg „ 23*5 „ 



>> 


99 


^^2 


99 


J> 


99 


CO, 


» 


99 


» 


CO, 


99 



„ Graphite „ „ CO^ „ 22'Q 



99 



„ Diamond „ „ CO^ „ 22*5 „ 
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grm. 
0*0290 of Phosphorus when burnt to P^O, gives 16*7 units of heat* 
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Zinc 
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CHAPTER XVI. 

The Atmosphebe. 

§ 327. The atmosphere is that part of the globe which is in a 
gaseous state. Since every gas is lighter than every liquid and 
every solid, it follows that the atmosphere forms the external coat- 
ing of the earth. The attraction of the earth keeps the atmosphere 
in contact with the earth. Since all gases tend to mix with one 
another, the atmosphere contains in almost constant proportion 
all the permanent gases which are in it. Since the atmosphere 
has weight, and since the density of a gas varies directly as the 
pressure to which it is exposed, it follows that the lower or more 
earthward parts of the air are the more dense. 

§ 328. Nothing is known with regard to the superior or external 
surface of the air. There is no conclusive evidence to prove that 
it has any limit whatever. But the higher we rise the less dense 
becomes the air, until its density becomes inappreciably small. 

§329. Atmospheric air is 14*5 times as heavy as hydrogen. 
The pressure which the air exerts upon the surface of the earth 
at the sea-level is about, on an average, 15 lbs. to the square inch, 
and varies from about 14 lbs. to about 16 lbs. It supports a 
column of mercury 30 inches, or 760 millims. in height. 

§ 330. the average composition of the atmosphere is as follows, 

by volume : — 

Nitrogen 77-95 

Oxygen 20-61 

Carbonic acid 0-04 

Vapour of water 1-40 

100-00 
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The quantity of vapour of water in the air, however, is continually 
varying, and therefore influencing the whole amount of the other 
constituents, but without affecting their relative quantity. The 
proportion of N, 0, and CO^ varies very slightly in pure air. 
Collected at the tops of the loftiest mountains, during balloon- 
ascents, or at the sea-level, its composition is almost the same. 
There are generally in the air also traces of nitrous acid, 
ammonia, and marsh-gas. In towns, or crowded and ill venti- 
lated rooms, the quantity of carbonic acid is greater. 

§ 331. The composition of the atmosphere is maintained constant 
by the counteraction of numerous influences ; these we must 
briefly examine. The flesh and tissues of animals are continually 
undergoing renovation ; fresh matter is being carried to them 
through the arteries, and the waste, or no longer serviceable 
portion of them, is beiQg carried away by the veins. It is carried 
to the lungs, and is there brought into contact with the inspired 
air, and becomes burnt or oxidized. Part of the products of this 
oxidation remain for a time in the blood and is got rid of by the 
kidneys ; part is ejected at once in the breath. The waste 
compounds of carbon and hydrogen which are oxidized in the 
lungs to carbonic acid and water, escape as such in the expired 
breath. The well-known dampness of the breath is evidence of 
the water therein. If the breath be passed through lime-water, 
the lime is precipitated as carbonate of calcium, showing the 
presence of carbonic acid. 

The air which is taken into the lungs on inspiration is found 
on expiration to be poorer in free oxygen, richer in carbonic acid 
and in watery vapour. Animal life is therefore a never-ending 
source of carbonic acid to the air. The immense quantities of 
wood, coal, gas, charcoal, coke, oil, fat, &c. burnt by man add a 
large amount of carbonic acid to the air. A very much larger 
quantity enters the air through the natural decay of wood, leaves, 
and other vegetable matter. Finally, a certain quantity is 
elected from active volcanoes and mineral waters. 

§ 332. This continual supply of carbonic acid is kept down by 
vegetation. Assisted by the light of the sun, the leaves of plants 

k2 
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have the power of reducing or deoxidizing carbonic acid, rejecting 
oxygen, and storing up the reduced carbon in combination with 
water, as wood, starch, gum, &c., all of which consist of carbon 
and hydrogen united with as much oxygen as would form water 
with the hydrogen. 

It is true that at night, when the action of the sun has ceased, 
the leaves of plants give off carbonic acid, which is the product of 
the oxidation of the waste woody fibre and vegetable tissue. But 
the plant, as long as it is growing, effects on the whole a con- 
tinual removal of carbonic acid from the air, and a storing up of 
the carbon in a less oxidized state. As far as its carbon is con- 
cerned, a plant may be ssdd to breathe twice only in the twenty- 
four hours — one inspiration extending from the rising to the 
setting of the sun, during which the plant absorbs and digests the 
carbonic acid of the air, one expiration extending from the setting 
to the rising of the sun, during which the plant gives up a certain 
quantity of carbonic acid. 

§ 333. It accordingly follows that, during the day, the expired 
breath of animals serves as food for plants, and the expired 
breath of plants contains additional oxygen fit for animals to 
respire, — and that, during the night, plants and animals require 
the same constituents of the air, namely oxygen, and give rise to 
the same gas, carbonic acid. Hence the neighbourhood of plants 
is healthy for animals during the day, unhealthy during the 
night. 

§334. Opinions are still divided as to whether plants may 
obtain their nitrogen directly from the free nitrogen of the air, 
whether they get it through the leaves from the small quantity 
of ammonia in the air, or whether it enters into the plant only 
through the roots, along with the metallic constituents required 
by the plant. The quantity of nitrogen in plants, however, is 
comparatively so smaU, that in any case the amount of nitrogen 
in the air cannot be appreciably affected by vegetable growth. 

§ 335. The nitrous acid in the air, which may be detected in 
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the first shower following a STimmer thunderstorm, is supposed to 
be due to the direct union by the electric discharge of the free 
atmospheric nitrogen and oxygen. It is probably also formed by 
the oxidation of the minute germs of certain plants, which are 
known to exist in all air, and which doubtless contain nitrogen. 

§ 336. Ammonia is probably mainly due to the putrefaction of 
nitrogenous animal and vegetable matter ; or it may be formed 
simultaneously with nitrous acid — ^by the electric decomposition of 
water, and the union of both of its elements with nitrogen. 

4H,0 + 4N" = 2(NH,]SrO,). 

§ 337. The air of English towns usually contains traces of sul- 
phurous and sulphuric acids. This is owing to the presence of 
sulphur in the coal used as fuel, its oxidation to sulphurous 
acid in the fire of the furnace, and the further gradual oxidation 
to sulphuric acid in the air. 

§ 338. The analysis of atmospheric air is very easily performed. 
To determine the quantity of moisture in it, a known volume is 
made to bubble slowly through a weighed quantity of strong 
sulphuric acid. The sulphuric acid absorbs all the water, but 
does not affect the carbonic acid, the oxygen, or the nitrogen. 
If the air so dried be made to bubble through a known weight of 
a solution of hydrate of potassium, the carbonic acid is absorbed ; 
the oxygen and nitrogen pass through. If, finally, the mixed 
oxygen and nitrogen so deprived of water and carbonic acid be 
led over a weighed quantity of metallic copper heated to redness, 
the oxygen is absorbed, oxide of copper being formed. The 
increase in weight of the sulphuric acid gives the quantity of 
water ; that of the hydrate of potassium gives the carbonic acid ; 
that of the metallic copper gives the oxygen. The quantity of 
nitrogen is, of course, the difference between the weight of the 
quantity of air originally taken and the sum of the weights of 
the water, carbonic acid, and oxygen. 

§ 339. The analysis of a small quantity of air is generally 
performed in what is called a " eudiometer," which is a 
long glass tube closed at one end, and graduated or marked 
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in nich a way that its coutenta &om the closed end to any 
mark is accurately known. Two platinam wires are foited 
into the tube at the closed end so as nearly to touch one another 
in the inude of the tube (fig. 74). Such a tube is filled with 




mercury, and a little air is allowed to bubble up, and is measured 
by seeing how far it depreasea the mercury. A email fragment 
of coke, A, which has been moistened with sulphuric acid and 
deprived of air in a barometric vacuum is dien pushed up (by 
means of a wire fastened to it) into the gae, and after a time 
withdrawn. The decrease of volume thus effected gives the 
volume of the aqueous vapour. Secondly, a pellet of solid hydrate 
of potassium, B, b similarly introduced and withdrawn ; the 
resulting contraction gives the volume of carbonic acid. FinaUj, 
a pellet of phosphoruB, C, is introduced in a similar manner 
and allowed to remain for some hours. The diminution thereby 
caused is the volume of oxygen. The oxygen may be also deter- 
mined by introducing a measured excess of hydrogen, and 
passing an electric spark through the mixed gases by means of 
the platinum wires; the diminution thus caosed is equal to the 
volume of oxygen. Account must be taken in such analyses of 
thevarying pressure and temperature at which the several measure- 
ments are made. 
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CHAPTER XVII. 

Natxtral Waters. 

§ 340. Although water in its pure state is a perfectly definite 
chemical componnd, and has been considered as such in Chapter 
VI., yet the water which is met with in nature is never pure, 
but holds in solution various substances according to the nature 
of the bodies it has met with in its career. 

§ 341. We may start from any one of the natural reservoirs of 
water, and trace the kind and degree of influence to which the 
water is subsequently subjected. 

§ 342. The surface of the sea occupies about two-thirds of the 
surface of the globe ; it extends in depth in places to about eight 
miles ; its composition is nearly the same everywhere. The sea 
of the British Channel has the density 1*027 ; and its composition 
is as follows : — 

Water 96-374 

Chloride of sodium 2-806 

„ potassium 0-077 

„ magnesium 0-366 

Bromide of magnesium 0-004 

Sulphate of magnesium 0-229 

„ calcium 0-141 

Carbonate of calcium 0-003 

100-000 
It contains, besides, inappreciably small quantities of iodine, am- 
monia, and iron, and doubtless all the other constituents of the 
earth in such small quantity as to escape detection. The most 
abundant constituents are accordingly the chlorides of sodium 
and magnesium, and the sulphates of magnesium and calcium. 

§ 343. The accumulation of solid matter in the sea, owing to 
the large quantity of solid matter carried down to it by the rivers 
is counterbalanced by the withdrawal of the same from the sea 
by marine plants and animals, the casting up of these upon the 
shore, the removal of fishes by man and aquatic birds, the tearing 
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off firom the sea, and scattering upon the land, of salt water by 
high winds, and the deposition of shells and purely sedimentary 
matter at the bottom of the ocean. 

§ 344. When dry or warm air passes over the surface of the 
sea, or when the latter is heated by the sun's rays, the water is 
evaporated in a pure state, the mineral constituents being left 
behind. As this process goes on rapidly and to an immense ex- 
tent, the sea would gradually become more and more salt were it 
not for the fresh water returned to it by rain and rivers. 

§ 345. The water which thus rises into the air by evaporation 
makes the air lighter, vapour of water being less dense than air. 
The ceaseless currents in the air (I. § 23) bear the moist air 
to other places having different temperatures. Warm air satu- 
rated, or nearly so, with vapour of water, must give up a part 
of its water when cooled. Clouds are formed of water condensed 
in this way. When a large quantity of water thus accumulates 
in the air, it may collect as drops and fall as rain ; if it is pre- 
viously frozen, it appears as hail ; if it reaches the earth before 
collecting into large drops, it is called fog or mist ; if it is frozen 
when in the state of mist, it is snow ; if it is condensed upon 
the surface of the earth by the nightly cooling of the earth, it is 
called dew ; and frozen dew, or dew deposited in the frozen state, 
is called hoar-frost. In all cases, water which reaches the earth 
from the sky holds in solution some of the gases of which the air 
is formed, especially, of course, those which are most soluble in 
water. Thus rain-water, especially that which falls at the com- 
mencement of a shower after long drought, contains appreciable 
quantities of ammonia and nitrous add. It also contains car- 
bonic acid, oxygen, and nitrogen, nearly in the proportion of their 
solubility. Altogether 100 vols, of rain-water contain about 
2*5 vols, of gas. Eain- water collected towards the end of a 
heavy shower is almost absolutely pure. 

§ 346. The water which falls as rain or snow (which after- 
wards melts) seeks, by the attraction of the earth, to attain the 
lowest level. It may find its way at once along the surface of 
the earth, as rivulets, streams, &c., to rivers ; or it may first col- 
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lect in marshy reservoirs, fipom which it subsequently issues : in 
either case it generally takes up the oxides of calcium, potassium, 
sodium, magnesium, and iron, combined with carbonic, silicic, or 
hydrochloric acids. But in such a case the quantities of these 
bodies held in solution is usually small. A more important and 
harmful ingredient in such waters is the vegetable and animal 
remains which it ineets with and partly dissolves. The more 
rocky and broken the course of a river is, the more completely 
are such carboniferous and nitrogeniferous bodies oxidized by the 
oxygen which the water absorbs from the air, and therefore the 
purer and more fit for drinking is the water. 

§ 347. It often happens that rain-water, especially such as 
falls upon the sides of hills whose summits are exposed, and whose 
rocky layers are so turned up as to present their edges, finds its 
way between the strata, and descends into the valleys beneath 
the soil, and even beneath one or more of the upper strata of 
which the rocky part of the eeirth is formed. It travels until it 
finds or makes some vent through the upper layers of the earth, 
and appears as a natural spring. Such water, during its passage 
through the earth, becomes disembarrassed by filtration of almost 
all its organic (animal or vegetable) impurities ; but it usually 
dissolves in its course more or less of the rocks over which it 
passes. In this it is greatly aided by the carbonic acid which it 
has brought from the air, or which is freed from other rocks 
which it meets with. Water which holds carbonic acid in solution 
has the power of dissolving small quantities of almost all rocks, 
and especially carbonate of calcium. Spring- water therefore 
generally contains a larger quantity of mineral matter than 
river-water. 

§ 348. The total quantity of solid matter dissolved in a water 
is easily ascertained by evaporating a known volume of it in a 
weighed dish at a gentle temperature. The presence in water of 
salts of calcium and magnesium imparts to the water *^ hardness." 
Water which contains these substances has a peculiar harsh 
feeling when rubbed between the hands, owing to the removal by 
these salts of the fat natural to the surface of the skin. Such 
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waters require a large amount of soap before they form a lather. 
The hardness of waters, and therefore approximately the amount 
of calcium and magnesium salts which they contain, may ac- 
cordingly be measured by determining the quantity of soap-water 
of a given streagth which is required to form a lather or per- 
manent firoth with them. 

§ 349. Waters which contain carbonate of calcium or mag- 
nesium dissolved in an excess of carbonic acid give up that car- 
bonic acid on exposure to the air, and more quickly on boiling. 
Spring-water " sparkles " on this account. The sparkling is the 
escape of minute bubbles of carbonic acid ; and the consequence of 
such escape is the deposition of the ordinary insoluble carbonate 
of calcium. Such is the process which takes place in the petri- 
fying springs ; and to this cause is due the formation of " Stalac- 
tites " and of marble. The same process takes place more rapidly 
on boiling ; and the incrustation or fur on kettles and boilers is 
mainly carbonate of calcium, magnesium, and iron deposited by 
this means. 

Many spring-waters contain a large quantity of iron as a car- 
bonate dissolved in carbonic acid. Such waters are called chaly- 
beate, and have the peculiar inky taste of iron salts. 

The gases dissolved in spring- water are mainly oxygen and 
nitrogen (derived from the air), carbonic acid (derived from the 
carboniferous rock-sand, to a small extent from decayed organic 
matter), and sulphuretted hydrogen (the origin of which is often 
obscure, but which is generally formed when organic matter 
comes into contact with and reduces the metallic sulphates). 

For the detection and determination of the ingredients, mineral 
and organic, of waters, the student is referred to special treatises. 
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PART I. 

1. Explain the difference between the sensations of heat and 

cold. What are the chief sources of heat? (§§ 1-16.) 

2. State the law for the expansion of gases by heat. 80 cubic 

inches of air at 60° C. are heated to 95° C. ; what will be 
the volume of the heated air? (§ 18.) 

3. Describe the formation of the trade-winds. (§ 23). 

4. How can it be shown that different liquids expand unequally 

for the same increase of temperature? Describe the 
variation in the density of water near its freezing-point. 
(§§ 28, 29, 31). 

5. Describe the formation and some of the consequences of the 

" Gulf-stream." (§§ 33, 34.) 

6. Arrange the following substances in the order of their expan- 

sibility : — copper, lead, zinc, iron, glass, platinum. What 
is the principle of the gridiron- and of the mercurial com- 
pensating pendulum ? (§§ 36, 37.) 

7. Describe Fergusson's Pyrometer. (§ 39.) 

8. If a rod of iron, which is an inch long at 0° C, becomes 

1*001 inch at 100° C, what will be the increase of size of 
a cubic inch of iron when heated from 0° C. to 100° C. ? 

(§ 43.) 

9. Describe the "differential thermometer." Describe the 

manufacture of a mercurial thermometer. (§§ 48, 52-54.) 
10. Describe the Fahrenheit, Reaumur, and Centigrade scales. 
(§§55,56.) 
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What temperature Fahrenheit corresponds to 10° Centigrade? 
„ Centigrade „ 10° Fahrenheit? 

„ Keaumur „ —40° Fahrenheit? 

„ Centigrade „ 2° Reaumur? 

„ Fahrenheit „ 0° Reaumur? 

„ Reaumur „ 17° Centigrade? 

11. Describe the self-registering maximum and minimum ther- 

mometer. (§ 58.) 

12. Explain what is meant by capacity for heat (§ 65) and 

specific heat (§§ 69-77). A lump of sulphur weighing 
J lb., and having the temperature 10° C, is placed in a 
quantity of water having the weight 4 lb. and the tem- 
perature 90° C. After a time the temperature of the 
water and sulphur are both found to be 88° C. ; what is 
the specific heat of the sulphur? (§§ 69-77.) 
113. Describe one form of calorimeter. What gas has the greatest 
specific heat ? How does the specific heat of a solid vary 
with the temperature ? (§§ 78-84.) 

14. Define latent heat, and show how the latent heat of vapours 

may be determined. (§§ 85-96.) 

15. Describe the action of a freezing-mixture. (§§ 97—99.) 

16. How is the tension of the vapour of a liquid affected by the 

temperature ? (§§ 104-109.) Explain the cryophoras. 

(§ 117.) 

17. What is the cause of rain? and why are the tops of hills 

subject to be covered with clouds ? (§ 125.) 

18. How is the boiling-point affected by pressure? Describe an 

apparatus by means of which the pressure exerted by 
steam of various temperatures may be measured. (§ 138.) 

19. Distinguish between conduction, convection, and radiation of 

heat, giving examples of each. (§§ 141, 164, 169.) What 
class of bodies conduct heat the best ? which is the best 
conductor amongst the metals ? (§§ 151, 153.) 

20. How is the convection of heat applied to the warming of 

rooms ? (§§ 165-167.) How does the convectioii of heat 
influence the air (§ 23) and sea (§ 33)? 
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21. What class of bodies are the best reflectors of heat ? What 

is the law of reflexion ? (§ 176.) 

22. What is the velocity of heat ? What solid body allows most 

heat to pass through ? (§§ 172, 184.) 

23. What is the law connecting the temperature and the distance 

from the source of heat ? (§ 175.) 



PART II. 

1. Describe two of the best methods of preparing oxygen; how 

much heavier is it than hydrogen ? How do you distin- 
guish it from nitric oxide and from protoxide of nitrogen ? 
(§§76,75,127,131.) 

2. Describe some of the principal forms of carbon : state how 

each is procured. What gaseous compounds does carbon 
form with oxygen? Give the composition of each. 
(§§ 146, 147, 154, 160.) 

3. Express in symbols the reaction which takes place when 

hydrochloric acid is heated with black oxide of man- 
ganese. Give the relative proportions by weight of the 
elements described by your symbols. What are the 
properties of the gaseous product ? (§§ 180, 6, 182, 
183, 184.) 

4. How is ammonia obtained ? What is its composition ? 

What bulk of each of its constituent gases would be 
formed by a cubic inch of ammonia, supposing it com- 
pletely decomposed by a series of electric sparks ? (§§ 134, 
136, 139, 133.) 

5. What are the principal salts present in sea-water ? How 

may you procure pure water ? (§ 342.) 



s 



206 QUESTIONS. 

6. WTiat is the common mode of preparing nitric acid ? (§ 116.) 

7. Describe how yon would distinguish oxygen from common 

air. What class of bodies do we call oxides? Name 
some oxides of an acid nature, and some basic oxides. 
(§§ 111, 52, 57, 62.) 

8. Describe the structure of the flame of a common candle ; and 

explain why the flame loses its brightness when a current 
of common air is blown into it. (§§ 307, 308.) 

9. One hundred volumes of nitrogen are given: how many 

volumes of oxygen must be added in order to obtain a 
mixture having the same composition as pure atmospheric 
air? (§330.) 

10. What volume of oxygen is required for the complete com- 

bustion of one gramme of carbon ? (Sixteen grammes of 
oxygen measure 11*2 litres.) (§ 20.) 

11. Write the formulae of hydrochloric acid, water, nitric acid, 

nitrous acid, carbonic oxide, sulphurous acid, sulphuric 
acid, hypophosphorous acid. (§§ 191, 88, 116, 122, 160, 
224, 229, 264.) 

12. Write the names of the substances which have the following 

formulae :— H,8, PCI,, POCI3, CH„ N,0, NO, HNO3, ^a^v 
Sin,. (§§236, 270, 273, 169, 129, 125, 116, 164, 291.) 

13. Give the tests for sulphuric acid, nitric acid, and hydrochloric 

acid. (§§235,118,195.) 

14. If a mixture of 90 vols, of hydrogen and 20 vols, of oxygen 

are exploded, what will be the volume of the product ? 

(§ 97.) 

15. Show how to deduce the density of steam. (§ 38.) 

16. How many equivalents of each element present are there in 

the body 2S0„ 3H,04NO, ? 

17. Whence does a plant get its carbon? A living plant is shut 

up in a room containing atmospheric air ; how will the 
plant affect the air during the day, and during the night ? 
(§§ 332, 333.) 

18. What chemical process takes place in the lungs of animals ? 
(§ 331.) 
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19. Explain fully the manufacture of oil of vitriol (sulphuric 

acid. (§ 230.) 

20. How is the pentachloride of phosphorus prepared ? and what 

happens when it is thrown into water? (§§ 270, 271.) 

21. Mention some sources of silicic acid. What is the action of 

hydrofluoric acid upon silicic acid? (§§ 277, 291.) 

22. What is the composition of cyanogen? and how is it obtained? 

How is hydrocyanic acid obtained ? (§§ 173, 177, 176.) 

23. What are the tests for ammonia ? (§ 143.) 

24. A cubic litre of hydrogen weighs 0*089 gramme. What 

volume of hydrogen can be got by treating 70 grammes of 
zinc with an excess of H^O and H^SO^ ? (The equivalent 
of zinc is 65*2.) 

25. In 100 lb. of nitrate of potassium, how many pounds are 

there of 0, of N, and of K (the equivalent of K being 39) ? 
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BABINGTON. FLORA OF CAMBRIDGESHIRE. 12mo, with a Map, 7«. 

. MANUAL OF BRITISH BOTANY. Sixth Edition, 12mo, 

10s. 6rf. 

BAILY. CHARACTERISTIC FIGURES OF BRITISH FOSSILS. Parti, 

Svo, plain, 6s. ; Coloured, 7s. 

BAPTISMAL FONTS. A Series of 126 Engravings, with Descriptions. Svo, 
£\ Is. 

BATE AND WESTWOOD. BRITISH SESSILE-EYED CRUSTACEA. 
Parts 1-20, Svo, 2s. 6(^. ; Royal, 6s. each. 

BEALE. NATURAL HISTORY OF THE SPERM-WHALE. Post Svo, 12», 

BECK THE ACHROMATIC MICROSCOPE. Royal Sto, 21s. 
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BEDDOME. FERNS OF BRITISH INDIA. 4to, toI. i., £4, 

. FERNS OF SOUTHERN INDIA. 4to, in Parte, ^£6 lOs. 

BELL. BRITISH REPTILES. Second Edition, 8vo, 12s, 

. BRITISH STALK-EYED CRUSTACEA. 8vo, 25». 

AKD TOMES. BRITISH QUADRUPEDS. In the press. 

BENNETT. GATHERINaS OF A NATURALIST IN AUSTRALASIA. 

8to, 2U. 

BLOOMFIELD'S FARMER'S BOY, AND OTHER POEMS. With Dlus- 
trations, foolHcap 8to, 7$. 6d. ; large paper, 15«. 

BOCCIUS. PRODUCTION AND MANAGEMENT OF FISH IN FRESH 
Waters. 8fo, 5«. 

BONAPARTE. GEOGRAPHICAL AND COMPARATIVE LIST OF THE 
Birds of Europe and North America. 8vo, 5«. 

BOWDITCH. ON COAL-GAS. 8vo, 2a. Qd. 

. BREWER. FLORA OF SURREY. 12mo, with Two Maps, 7s. 6d. 

BRIGHTWELL. LIFE OF LINNAEUS. Foolscap 8vo, 3s. 6d. 

BRODRICK. FALCONERS' FAVOURITESi Folio, £2 28. 

BULLER. LETTERS FROM ABROAD. Post 8vo, 7s. 

BURTON. FALCONRY IN THE VALLEY OF THE INDUS. Post8To,6j. 

CATALOGUE OF BRITISH VERTEBRATE ANIMATES. 8vo,sewed,2«.W. 

CHURCH. LABORATORY-GUIDE FOR STUDENTS OF AGRICUL- 

tural Chemistry. Post 8vo, 4«. 6d. 

CLARK. BRITISH MARINE TESTACEOUS MOLLUSCA. 8vo, 16«. 

. LETTERS HOME, FROM SPAIN, ALGERIA, AND BRAZIL 

8vo, 7s. 6d. 

CLAUSIUS. THE MECHANICAL THEORY OF HEAT. Translated by 
Hirst. 8fo, 15«. 

CLERMONT, LORD. GUIDE TO THE QUADRUPEDS AND REP- 

tiles of Europe. Post 8vo, 7s. 

, COUCH. ILLUSTRATIONS OF INSTINCT. Post 8vo, 8«. 6d. 

CRICHTON. A NATURALIST'S RAMBLE TO THE ORCADES. Fools- 
cap 8vo, 4s. 

CUMMING. THE ISLE OF MAN. Post 8vo, 12s. 6d. 
CUPS AND THEIR CUSTOMS. Post 8vo, 2s. Qd. 
CURRENCY (THE) UNDER THE ACT OF 1844. 8vo, Q». 
' DALLAS. ELEMENTS OF ENTOMOLOGY. Post 8vo, 8s. ed, 
DICKSON. THE UNITY OF THE PHYSICAL SCIENCES. Po«t8yo,4i. 
DODSLEY. ECONOMY OF HUMAN LIFE. 12 Plates, 18mo, 5». 
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DOMESTIC SCENES IN aREBNLAND AND ICELAND. Secjond Edition, 
16mo, 28. 

DOUGLAS. THE WORLD OF INSECTS. 12ino, sewed, 35. 6d. 

DOWDEN. WALKS AFTER WILD FLOWERS. Foolscap 8vo, 4a. ^, 

DREW. PRACTICAL METEOROLOGY. Second Edition, foolscap 8vo, 5«. 

DRUMMOND. FIRST STEPS TO ANATOMY. 12mo, 5s. 

ELEMENTS OF PRACTICAL KNOWLEDGE. Second Edition, 18mo, a». 

ELIOT Aim STORER A MANUAL OF INORGANIC CHEMISTRY. 

Crown 8vo, 10*. 6<f. 

ENGLAND BEFORE THE NORMAN CONQUEST. 16mo, 2». Qd. 
ENTOMOLOGISTS' ANNUAL, 1855-1868. Foolscap, 2s. Qd. each. 
ENTOMOLOGISTS' MONTHLY MAGAZINE. Nos. 1-48, 6d. each. 
EVENING THOUGHTS, BY A PHYSICIAN. Third Edition, 4s. 6^. 

EYTON. HISTORY OF THE OYSTER AND THE OYSTER-FISHERIES. 

8vo, 5s. 

FIRST PRINCIPLES OF RELIGION. 18mo, 2s. 

FLY-FISHING IN SALT AND FRESH WATER. 8vo, 7s. ^, 

FORBES. HISTORY OF BRITISH STARFISHES. 8vo, 15s. 

FORBES AND AUSTEN. NATURAL HISTORY OF THE EUROPEAN 
Seas. Foolscap 8vo, 5s. 

FORBES AND HANLEY. HISTORY OF BRITISH MOLLUSCA AND 
their Shells. 4vols. 8vo, £Q 10s. ; Royal 8vo, with the Plates Coloured, £13. 

FRANKLAND. LECTURE-NOTES FOR CHEMICAL STUDENTS. Post 
8vo, 12s. 

GARNER. FIGURES OF IjrVERTEBRATE ANIMALS. Royal 8vo, 5s. 

. NATURAL HISTORY OF THE COUNTY OF STAFFORD 

(with Supplement). 8vo, 10s. 

GISSING. MATERIALS FOR A FLORA OF WAKEFIELD. 8vo, Is. 6d. 

GOLDSMITH. VICAR OF WAKEFIELD. Illustrated by Muleeadt. 
Second Edition, square 8yo, 10s. 6d. 

GOODSIR. AN ARCTIC VOYAGE. Post 8to, 5s. 6d. 

GOSSE. AQUARIUM. Post 8vo, 17s. 

. HANDBOOK TO MARINE AQUARIUM. Foolscap 8fo, 2s. 6d. 

. BIRDS OF JAMAICA. Post 8vo, 10s. 

. BRITISH SEA-ANEMONES. 8vo, 21s. 

. CANADIAN NATURALIST. Post 8to, 12s. 

. DEVONSHIRE COAST. Post 8fo, 21s. 

. MANUAL OF MARINE ZOOLOGY. 2 vols, fcap 8vo, 7s. Qd. each. 
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OOSSE. OMPHALOS. Post 8yo, lOs. Qd. 

. TENBY. Post 8vo, 21a. 

GBAyS BARD. With Illustrations ; uniform with the Elegy, post 8vo, 7«. 

ELEGY IN A COUNTRY CHURCHYARD. With 33 Engrayinfis, 

post 8to, d5. ; Polyglot Edition, 12s. ; a small edition, foolscap 8yo, 2f^. 

GRAY. SYNOPSIS OP THE SPECIES OF STABPISH IN THE 
British Museum. 4to, sewed, 7«. 6d, 

GREGakdLETTSOM. MANUAL OP BRITISH MINERAIiOGY. 8vo,16s. 

GRIFPITH AKD HENFREY. MICROGRAPHIO DICTIONARY. Second 
Edition, 8to, £2 5». 

GRIFFITH. AN ELEMENTARY TEXT-BOOK OF THE MICROSCOPE. 
Post 8vo, 7s. 6d. 

GROTIUS. INTRODUCTION TO DUTCH JURISPRUDENCE. Trans- 
lated by Herbert. Royal 8yo, 31s. 6d, 

GURNEY. CATALOGUE OF RAPTORIAL BIRDS. Part 1, Imp. 8vo, 5s. 

. ON THE GREY PHALAROPE. 8vo, sewed, 6d. 

HARDING. UNIVERSAL STENOGRAPHY. Foolscap 8vo, sewed, 3s.; 
bound, 3s. 6d. 

HARTING. THE BIRDS OF MIDDLESEX. Post 8vo, 7s. Qd. 

HARVEY. BRITISH MARINE ALGiE. 8vo, 21s. ; Coloured, 31s. 6d. 

. FLORA CAPENSIS. 8vo, vols. i. & ii., 12s. each ; voL iii., 18s. 

. THESAURUS CAPENSIS. Vols. i. & ii., 21s. each. 

. INDEX GENERUM ALGARUM. 8vo, sewed, 2s. 6d, 

. -. NEREIS BOREALI AMERICANA. Royal 4to, sewed, ;€3 3s. 

. SEASIDE BOOK. Fourth Edition, foolscap 8vo, 5«. 

TTAHT.AM PERRAN-ZABULOE. THE CHURCH OF S. PIRAN. Fools- 
cap 8vo, 4s. 6d. 

HENFREY. ELEMENTARY COURSE OF BOTANY. Post 8vo, 12s. W. 

. RUDIMENTS OF BOTANY. Foolscap 8vo, Ss. Qd, 

. SIX BOTANICAL DIAGRAMS FOR ILLUSTRATING 

Lectures, 15s. 

. THE VEGETATION OF EUROPE. Foolscap 8vo, 5s. 



HEWITSON. COLOURED ILLUSTRATIONS OF THE EGGS OF 

British Birds. Third Edition, 2 vols. 8vo, £4 14s. Qd, 

. DESCRIPTION OF 100 NEW SPECIES OF HESPE- 

ridsB. Parts 1 & 2, 8vo, sewed, Qd, each. 

EXOTIC BUTTERFLIES. Vols. i.-iii., 4to, ^5 5s. each; 



continued in Quarterly 5s. Parts (66 published). 

. ILLUSTRATIONS OF DIURNAL LEPIDOPTERA. Piirts 

1-3, 4to, sewed, 25s. each. 
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HINCKS. CATALOGUE OF THE ZOOPHYTES OF THE SOUTH OF 
Devon and Cornwall. Svo, sewed, 38, 

HOLMESDALE NATURAL-HISTORY CLUB PROCEEDINGS. 8vo, 1ft 
annually. 

HUNTER. ESSAYS AJUJ) OBSERVATIONS. Edited by Owen. 2 vols. 
8vo, SU. 6rf. 

IBIS. A QUARTERLY JOURNAL OF ORNITHOLOGY. 6«. each. 

INSECTA SAUNDERSIANA. Parts IS, 8vo, sewed, Ss. each. 

INSTRUMENTA ECCLESIASTICA. First and Second Series, 4to, sheep, 
£1 lis. 6d. each. 

JEFFREYS. BRITISH CONCHOLOGY. Vols, i.-iv., post 8vo, 12s. each. 
(An Atlas containing Coloured Figures of all the Species is preparing.) 

JENYNS. MEMOIR OF PROFESSOR HENSLOW. Post 8vo, 7«. Qd. 

. OBSERVATIONS IN METEOROLOGY. Post 8to, 10s. 6d. 

. OBSERVATIONS IN NATURAL HISTORY. Post 8fo, 10s. 6<?. 

JESSE. AN ANGLER'S RAMBLES. Post 8to, 10s. Qd. 

JOHNSTON- HISTORY OF BRITISH ZOOPHYTES. 2 vols. 8to, £2 2s. 

. INTRODUCTION TO CONCHOLOGY. 8vo, 21s. 

. NATURAL HISTORY OF THE EASTERN BORDERS. 

Vol. i. (Botany), 8vo, 10s. 6d, 

JONES. GENERAL OUTLINE OF THE ORGANIZATION OF THE 

Animal Kingdom. Third Edition, 8fo, £1 lis. 6d. 

. LECTURES ON THE NATURAL HISTORY OF ANIMALS. 

Vols. i. & ii., post 8vo, 12s. each. 

. THE AQUARIAN NATURALIST. Post 8vo, 18s. 



KELAART. FLORA CALPENSIS. 8vo, 10s. 6d. 

. PRODROMUS FAUN^ ZEYLANIC^. 8vo, 10s. 6d. 

KNOX. GREAT ARTISTS AND GREAT ANATOMISTS. Post 8vo, 6s. 6d. 

. ORNITHOLOGICAL RAMBLES IN SUSSEX. Post 8vo, Third 

Edition, 7s. Qd. 

LATHAM. DESCRIPTIVE ETHNOLOGY. 2 vols. 8vo, £1 12s. 

. ETHNOLOGY OF BRITISH COLONIES. Foolscap 8vo, 6s. 

. ETHNOLOGY OF BRITISH ISLANDS. Foolscap 8vo, 6s. 

. * ETHNOLOGY OF EUROPE. Foolscap 8vo, 5s. 

. ETHNOLOGY OF INDIA. 8vo, 16s. 

. MAN AND HIS MIGRATIONS. Foolscap 8vo, 5s. 

. VARIETIES OF MAN. 8vo, 21s. 

LEACH. SYNOPSIS OF THE MOLLUSCA OF GREAT BRITAIN. 
Post 8vo, 14s. 
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LETTERS FROM THE VIRGHN ISLANDS. Post 8to, 9s, ed. 

LETTERS OF RUSTICUS ON NATURAL HISTORY. 8vo, 8*. Qd, 

LOWE. FISHES OF MADEIRA. Parts 1-^, Royal 8vo, Coloured, 6*.; 
Demy 4to, Coloured, 7$. ijd. each. 

. MANUAL FLORA OF MADEIRA. Foolscap 8yo, sewed, Parts 

1-4, 3«. 6c;. each. 

. TWO MEMOIRS ON FERNS, LAND-SHELLS, ETC. OF MA- 

deira, 12mo, 6«. 6d, 

LYNN. PRINCIPLES OF NATURAL PHILOSOPHY. Foolscap 8to, Ss, 

MALAN. SYSTEMATIC CATALOGUE OF EGOS OF BRITISH BIRDS. 
Svo, 8s. 6d, 

MARTIN. CATALOGUE OF PRIVATELY PRINTED BOOKS. 8vo,21«. 

MEYRICK. HOUSE-DOGS AND SPORTING-DOGS. Fcap Svo, Ss. W. 

MOHL. ANATOMY AND PHYSIOLOGY OF THE VEGETABLE CELL 
8to, 75. 6<f. 

MOORE AND MORE. CYBELE HIBERNICA. Post Svo, 10s. Qd. 

MOSLEY. NATURAL HISTORY OF TUTBURY. Royal Svo, 21«. 

MOULE. HERALDRY OF FISH. Svo, 21«. ; Royal Svo, for Colouring, £2 28. 

NEWMAN. DICTIONARY OF BRITISH BIRDS. Svo, 12s. 

-. HISTORY OF BRITISH FERNS. Third Edition, Svo, IBs. ; 



School Edition, foolscap Svo, 6*. 

. HISTORY OF INSECTS, Svo, 12s. 



. THE INSECT-HUNTERS AND OTHER POEMS. Fools- 
cap Svo, 2s. Qd. 

NEWTON. OOTHECA WOLLEYANA. Part 1, royal Svo, £1 lis. M, 

NORTHCOTE and CHURCH. QUALITATIVE CHEMICAL ANALYSIS. 
Post Svo, 10s. M. 

OWEN. BRITISH FOSSIL MAMMALS AND BIRDS. Svo, £1 lis. 6i. 

. ON PARTHENOGENESIS. Svo, 5s. 

. ON THE MYLODON. Royal 4to, £1 12s. 6d. 

PALEY. MANUAL OF GOTHIC ARCHITECTURE. Fcap Svo, 6s. 6<f. 

. MANUAL OF GOTHIC MOLDINGS. Third Ed., Svo, 7s. Qd. 

. THE CHURCH RESTORERS. Foolscap Svo, 4s. Qd, 

PENNELL. THE ANGLER-NATURALIST. Post Svo, 10s. Qd. 

PLAYFAIR AND GUNTHER. FISHES OF ZANZIBAR. Royal 4to, £3 3s. 

POOR ARTIST, OR SEVEN EYESIGHTS AND ONE OBJECT. Fools- 
cap Svo, 5^. 
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PRESCOTT. TOBACCO AND ITS ADULTERATIONS. 8vo, 12«. 6d. 

PRESTON. FLORA OF MARLBOROUGH. 12mo, 3s. 6d. 

PRESTWICH. GEOLOGICAL INQUIRY RESPECTING THE WATER- 
bearing Strata of the Country around London. 8vo, 8s. Qd, 

. THE GROUND BENEATH US. 8vo, sewed, 3s. 6d. 



RECORD OF ZOOLOGICAL LITERATURE. 8vo, 30s. annuaUy (1864-66 
ptiblished), 

REFUGIUM BOTANICUM; FIGURES AND DESCRIPTIONS OF 

Little-known or New Plants. Royal 8vo, Part 1, 7s. 6d. 

SALISBURY. GENERA PLANTARUM. A FRAGMENT, CONTAINING 
part of Liriogame. 8to, 5s. 

SAMUELSON. HUMBLE CREATURES. THE EARTHWORM AND 
Housefly. Second Edition, post 8yo, 3s. 6d. 

. HUMBLE CREATURES. THE HONEY-BEE. Post 

8vo, 6s. 

SEEMANN. BRITISH FERNS AT ONE VIEW. 8vo, Coloured, 6s. 

SELBY. BRITISH FOREST-TREES. 8vo, 28s. 

SHAKSPEARE'S SEVEN AGES OF MAN. Illustrated, square 8vo, 6s. 

SHARPE. DECORATED WINDOWS. 8vo, Plates, 21s.; Text, 10s. ed. 

SHIELD. HINTS RESPECTING MOTHS AND BUTTERFLIES. 12mo, 
sewed, 3s. 

SIEBOLD. PARTHENOGENESIS IN MOTHS AND BEES. 8vo, 6s. 

SMITH. BRITISH DIATOMACEiE. 2 vols, royal 8vo, £2 lis. 

SO WERBY AND JOHNSON. BRITISH POISONOUS PLANTS. PostSvo, 
98. &d, 

. BRITISH WILD FLOWERS. Coloured, 8vo, 



£3 3s. 

SOWERBY. KEY TO THE NATURAL ORDERS OF BRITISH WILD 

Flowers. 8vo, 7s. 6d, 

THESAURUS CONCHYLIORUM. Parts 1-26, Coloured, 



£1 6s. each. 

SPRATT AND FORBES. TRAVELS IN LYCIA. 2 vols. 8vo, £1 16s. 

SPRATT. TRAVELS AND RESEARCHES IN CRETE. 2 vols. 8vo, £2. 

STAINTON. MANUAL OF BRITISH BUTTERFLIES AND MOTHS. 
2 vols. 12mo, 10s. 

-. NATURAL HISTORY OF THE TINEINA. First Series, 



10 vols. 8vo, 12s. Qd. each. 

. TINEINA OF SYRIA AND ASIA MINOR. 8vo, 4s. 



STRICKLAND and MELVILLE. THE DODO AND ITS KINDRED. 
4to, £1 Is. 
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STRICKLAND. ORNITHOLOaiCAL SYNONYMS. Vol. i. (Aodpitrw) 
8vo, 12a. 6rf. 

SUNDAY BOOK FOR THE YOUNa. 16mo, 28. %d, 

THOUGHTS BY A PHYSICIAN: BEING A SECOND SERIBS OF 
Eyening Thoughts. Post 8vo. 

TUGWELL. MANUAL OF SEA-ANEMONES. Post 8fo, 7«. 6^. 

TULK AND HENFREY. ANATOMICAL MANIPULATION. Fcap8TO,9«. 

WARD. HEALTHY RESPIRATION. Second Edition, foolscap, sewed, U 

WATTS. DIVINE AND MORAL SONGS. Illustrated, square 8vo, 7«.6rf. 

WHITE. NATURAL HISTORY OP SELBORNB. Edited by Jikyhs. 
Foolscap 8vo, Ts. 6rf. 

WILKINSON. BRITISH TORTRICES. 8to, 25j?. 

WILKINSON, LADY. WEEDS AND WILD FLOWERS. Post8vo,10i.6rf. 

WILLIAMS. HANDBOOK OP CHEMICAL MANIPULATION. Post 
8vo, 15*. 

WOLLASTON. COLEOPTERA ATLANTIDUM. 8vo, 218. 

. COLEOPTERA HESPERIDUM. 8to, 10s. 6<f. 

. INSECTA MADERENSIA. Royal 4to, £2 2s. 

. ON THE VARIATION OF SPECIES. Post 8vo, 5a. 

WOODWARD. ON POLARIZED LIGHT. Second Edition, 8vo, 3a. 

YARRELL. HISTORY OF BRITISH BIRDS. 3 toIs. 8vo, Third Edition, 
£4: 14a. 6rf. 

HISTORY OF BRITISH FISHES. 2 vols. 8vo, Third Edition, 



£3 ^. 

. ON THE SALMON. Oblong folio, aewed, 12a. 
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ELEMENTS OF HEAT, by Frederick Guthrie, Professor of Chemistaty and 
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